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ABSTRACT: 
Intrinsic fluorescence, density, ultrasonic velocity and viscosity 
measurements have been made for different systems. Intrinsic fluorescence 
measurement have been made of alpha-lactalbumin alone and with the 
(a) Absence of proline with sugars and 
(b) Presence of proline with sugars. 
(a) \n the absence of proline; 
1) alpha-lactalbumin - fructose (0.063M, 0.375M & 0.750M) - phosphate buffer 
(pH 7.0) systems. 
2) alpha-lactalbumin - sucrose (0.063M, 0.375M &0.750M) - phosphate buffer 
(pH 7.0) systems . 
3) alpha-lactalbumin - maltose (0.063M,0.375M, & 0.750M) - phosphate buffer 
(pH 7.0) systems. 
(b) In the presence of proline: 
1) alpha-lactalbumin - L - proline (0.063M, 0.375M & 0.750M) - fructose 
(0.063M, 0.375M & 0.750M) - phosphate buffer (pH 7.0) systems. 
2) alpha - lactalbumin - L-proline (0.063M,0.375M&0.750M) - sucrose 
(0.063M,0.375M,0.750M) - phosphate buffer (pH 7.0) systems. 
3) alpha-lactalbumin - L - proline (0.063M, 0.375M, 0.750M) - maltose 
(0.063M, 0.375M, 0.750M) - phosphate buffer (pH 7.0) systems. 
In all the above systems concentration of alpha-lactalbumin 
was kept constant (2.828 x 10"^  M) and the excitation wave length was performed at 
280nm. 
Density and ultrasonic measurements have been made for protein-
phosphate buffer, proline-phosphate buffer, proline-protein phosphate buffer, 
fructose - phosphate buffer, fructose-protein phosphate buffer, maltose-phosphate 
buffer, maltose-protein phosphate buffer. Viscosity measurements have been made 
of three types of samples (protein - phosphate-buffer, proline-phosphate buffer, and 
proline - protein phosphate buffer). The reason to study only on proline by viscosity 
technique is to give stress on the stabilization effect of proline. Earlier lots of studies 
have been done on fructose, sucrose and maltose but not much work has been 
done on stabilization effect of proline. 
The lambda max (Amax) of intrinsic fluorescence of native 
protein was found to be 329nm. The addition of proline shifts the lambda max (Amax) 
to lower wave length (blue shift), thus showing stabilized state of proteins by the 
addition of proline. With the increase in concentration of proline (0.063M, 0.375M & 
0.750M) slight comparative red shift was observed (showing destabilization). This 
may be due to the hydration effect which shows that at higher concentration of 
proline preferential hydration of protein may decreases leading to destabilization, 
may be due to the accumulation of some proline on the surface of protein. But at all 
instead of comparative red shift with the increase in concentration of proline lambda 
max (Amax) remain at lower wave length (326.5nm at 0.063M, 327.5nm at 0.375M & 
328.5nm at 0.750M of proline) compared to lambda max (Amax) of native protein 
(329nm), showing the stabilized state in the presence of proline . 
With sugars (fructose, sucrose and maltose) in the 
absence of proline, lambda max (Amax) shows red shift compared to native protein at 
all of the three concentrations may be due to intramolecular mobility effect of 
tryptophan residues. The high level of intramolecular mobility was found not only for 
external (exposed to solvent) tryptophan residues, but also for the internal ones 
located within the protein interior in a rather rigid hydrophobic environment. The 
minimal level of intramolecular mobility for tryptophan residue surrounding polar 
groups was found to be in the range of (Amax = 335-375nm). Therefore a 
pronounced red shift of tryptophan fluorescence does not necessarily reflect 
comparative increase in its mobility. Some native proteins with a fixed but relatively 
polar environment of tryptophan residues also show a characteristic red - shifted 
spectrum. But with the increasing amount of sugars comparative blue shift was 
observed in all of the sugars, finally shows stabilization effect, this may be due to 
the increase in steric hindrance with the increase in concentrations, so more and 
more sugar molecules get excluded from the surface of protein leading to greater 
preferential hydration. 
With the presence of proline in sugars (fructose, sucrose and maltose) blue shift 
was observed at lower concentration (at which before the addition of proline with 
Ml 
only sugars red shift was observed) showing the stabilization effect of proline at 
lower concentration is more prominent. As the concentration of proline increases 
hydration effect decreases showing destabilization. 
The densities of the said systems as usual have been found to 
increase with increase in concentration and decrease with increase in temperature. 
The ultrasonic velocities increase with temperature and concentration. This may be 
attributed to the fact that the increase in temperature causes increase in the 
intermolecular distances, resulting in an increase in the thermal motion of the 
molecules while an increase in concentration causes increase in the intermolecular 
interaction in the solution. 
From the density and ultrasonic velocity data, various derived 
parameters such as adiabatic compressibility (ps), change in adiabatic 
compressibility (Ap ) and its relative change in compressibility (Pr), partial specific 
volumes (v") and partial specific adiabatic compressibilities (ps) have been 
evaluated. The adiabatic compressibility in all the systems decreases with 
temperature as well as concentration. The decrease in compressibility values from 
the pure buffer to the solution of higher concentration may be due to the increase in 
the number of incompressible solute molecules in the solutions. The decrease in 
compressibility values with increasing temperature may be caused due to the 
rupturing of solvent molecules leading to a greater attraction among the molecules 
of solution. In case of proline - alpha lactalbumin - buffer system decrease in 
compressibility due to the increase in concentration of proline may be due to the 
existence of zwitter ions, by which it can make bond with the surroundings and 
further bonding get enhanced with the increase in concentration of proline due to 
the increase in interactions among the proline molecules, which results in the 
decrease of compressibility of solutions. But the decrease in compressibility values 
were observed more in the case of sugars (fructose & maltose). This great 
reduction is due to the increasing interactions (hydrophobic) in the protein 
molecules in the presence of sugars. But by comparing the effect by two sugars 
(fructose & maltose), decrease in compressibility was observed more in maltose. 
The plots of relative change in compressibility, pr as a function of concentration 
IV 
show an irregular pattern in case of alpha-lactalbumin - proline buffer system, while 
fructose shows a maxima in the curve (indicating the dramatic inhibition of protein 
dynamics) at each temperature on 0.375M of fructose, and with maltose reflecting a 
minima in the curve (indicating dominance of protein dynamics in comparison of 
other factors(denaturation of protein) at each temperature on the same 
concentration of maltose (0.375M). It means relative lowering of compressibility in 
present case is more dependent on the nature of stabilizer than the nature of 
protein itself. 
The partial specific volumes {y") and compressibilities (ps) of the 
systems were evaluated from density and ultrasonic velocity. The values of partial 
specific volume and compressibility were found to decrease with the increase in 
molarity of sugars (fructose and maltose) and proline in their respective systems. 
The decrease in volume and compressibility was found to be more in the case of 
maltose due to its larger molecular weight, due to which, effect of stabilization 
capacity per unit mass of maltose increases which in turn leads to reduction in 
protein volume and compressibility. Not much of the increase was observed in the 
values of partial specific volume and partial specific adiabatic compressibility with 
the increase in temperature as per expectation in all three systems (alpha-
lactalbumin-L-proiine, alpha'lactalbumin-fructose & alpha-lactalbumin-maltose-
buffer system). This may be due to the reason of increased hydration capacity of 
the denatured protein than to the native. Once the protein get denatured at some 
temperature, increase in the values of volume and compressibility can be observed 
but after the denaturation, hydration capacity increases, thus values show again 
decrease. 
The viscosity and its derived parameters provide information regarding the 
shapes and sizes of the molecules. Viscosity of all the systems increase with 
concentration and decreases with increase in temperature. The values of intrinsic 
viscosity, [r|] and shape factor (v), calculated for alpha-lactalbumin - L-proline -
buffer system are 3.7994 and 3.5542 ml/g showing the globular form of protein. At 
313.15K a marked increase in values of intrinsic viscosity and shape factor were 
observed. This is due to the denaturation of protein at higher concentration. Again 
with a further increase in temperature instead of increase a decrease was observed. 
This is for the same reason of increase in hydration capacity for the denatured 
alpha-lactalbumin then for the native. 
The Gibbs free energy of denaturation shows initial decrease with the 
increase in concentration of proline (up to 43.2 x 10"^  gm/ml). After then, at 
57.6 X 10"^  gm/ml and 86.4 x 10"^gm/ml of proline an increase was observed. This 
may be due to the fact of better stabilization capacity of proline at its lower 
concentration than at its higher concentration. Preferential hydration may decrease 
with increasing concentration of proline, may be due to the accumulation of proline 
molecules on the surface of protein at its higher concentration leading to small 
destabilization of protein. The Gibbs free energy of native protein is more as 
compared to the protein present in the proline (up to 43.2 x 10"^  gm/ml of proline). 
This shows stabilization tendency of proline at its lower concentration. 
Thus the present study provides information regarding the 
stabilization effects of alpha-lactalbumin by sugars and amino acid with their 
increasing concentrations using three different techniques. 
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ABSTRACT: 
Intrinsic fluorescence, density, ultrasonic velocity and viscosity 
measurements have been made for different systems. Intrinsic fluorescence 
measurement have been made of alpha lactalbumin alone and with the 
(a) Absence of proline with sugars and 
(b) Presence of proline with sugars. 
(a) In the absence of proline: 
1) alpha-lactalbumin - fructose (0.063M, 0.375M & 0.750M) - phosphate buffer 
(pH 7.0) systems. 
2) alpha-lactalbumin - sucrose (0.063M, 0.375M &0.750M) - phosphate buffer 
(pH 7.0) systems . 
3) alpha-lactalbumin - maltose (0.063M,0.375M, & 0.750M) - phosphate buffer 
(pH 7.0) systems. 
(b) In the presence of proline: 
1) alpha-lactalbumin - L - proline (0.063M, 0.375M & 0.750M) - fructose 
(0.063M, 0.375M & 0.750M) - phosphate buffer (pH 7.0) systems. 
2) alpha - lactalbumin - L-proline (0.063M,0.375M&0.750M) - sucrose 
(0.063M,0.375M,0.750M) - phosphate buffer (pH 7.0) systems. 
3) alpha -lactalbumin - L - proline (0.063M, 0.375M, 0.750M) - maltose 
(0.063M, 0.375M, 0.750M) - phosphate buffer (pH 7.0) systems. 
In all the above systems concentration of alpha-lactalbumin 
was kept constant (2.828 x 10"^  M) and the excitation wave length was performed at 
280nm. 
Density and ultrasonic measurements have been made for protein-
phosphate buffer, proline-phosphate buffer, proline-protein phosphate buffer, 
fructose - phosphate buffer, fructose-protein phosphate buffer, maltose-phosphate 
buffer, maltose-protein phosphate buffer. Viscosity measurements have been made 
of three types of samples (protein - phosphate-buffer, proline-phosphate buffer, and 
proline - protein phosphate buffer). The reason to study only on proline by viscosity 
technique is to give stress on the stabilization effect of proline. Earlier lots of studies 
have been done on fructose, sucrose and maltose but not much work has been 
done on stabilization effect of proline. 
The lambda max (Amax) of intrinsic fluorescence of native 
protein was found to be 329nm. The addition of proline shifts the lambda max (Amax) 
to lower wave length (blue shift), thus showing stabilized state of proteins by the 
addition of proline. With the increase in concentration of proline (0.063M, 0.375M & 
0.750M) slight comparative red shift was observed (showing destabilization). This 
may be due to the hydration effect which shows that at higher concentration of 
proline preferential hydration of protein may decreases leading to destabilization, 
may be due to the accumulation of some proline on the surface of protein. But at all 
instead of comparative red shift with the increase in concentration of proline lambda 
max (Amax) remain at lower wave length (326.5nm at 0.063M, 327.5nm at 0.375M & 
328.5nm at 0.750M of proline) compared to lambda max (Amax) of native protein 
(329nm), showing the stabilized state in the presence of proline . 
With sugars (fructose, sucrose and maltose) in the 
absence of proline, lambda max (Amax) shows red shift compared to native protein at 
all of the three concentrations may be due to intramolecular mobility effect of 
tryptophan residues. The high level of intramolecular mobility was found not only for 
external (exposed to solvent) tryptophan residues, but also for the Internal ones 
located within the protein interior in a rather rigid hydrophobic environment. The 
minimal level of intramolecular mobility for tryptophan residue surrounding polar 
groups was found to be in the range of (Amax = 335-375nm). Therefore a 
pronounced red shift of tryptophan fluorescence does not necessarily reflect 
comparative increase in its mobility. Some native proteins with a fixed but relatively 
polar environment of tryptophan residues also show a characteristic red - shifted 
spectrum. But with the increasing amount of sugars comparative blue shift was 
observed in all of the sugars, finally shows stabilization effect, this may be due to 
the increase in steric hindrance with the increase in concentrations, so more and 
more sugar molecules get excluded from the surface of protein leading to greater 
preferential hydration. 
With the presence of proline in sugars (fructose, sucrose and maltose) blue shift 
was observed at lower concentration (at which before the addition of proline with 
I l l 
only sugars red shift was observed) showing the stabilization effect of proline at 
lower concentration is more prominent. As the concentration of proline increases 
hydration effect decreases showing destabilization. 
The densities of the said systems as usual have been found to 
increase with increase in concentration and decrease with increase in temperature. 
The ultrasonic velocities increase with temperature and concentration. This may be 
attributed to the fact that the increase in temperature causes increase in the 
intermolecular distances, resulting in an increase in the thermal motion of the 
molecules while an increase in concentration causes increase in the intermolecular 
interaction in the solution. 
From the density and ultrasonic velocity data, various derived 
parameters such as adiabatic compressibility (ps), change in adiabatic 
compressibility (Ap ) and its relative change in compressibility (Pr), partial specific 
volumes {v") and partial specific adiabatic compressibilities (ps) have been 
evaluated. The adiabatic compressibility in all the systems decreases with 
temperature as well as concentration. The decrease in compressibility values from 
the pure buffer to the solution of higher concentration may be due to the increase in 
the number of incompressible solute molecules in the solutions. The decrease in 
compressibility values with increasing temperature may be caused due to the 
rupturing of solvent molecules leading to a greater attraction among the molecules 
of solution. In case of proline - alpha lactalbumin - buffer system decrease in 
compressibility due to the increase in concentration of proline may be due to the 
existence of zwitter ions, by which it can make bond with the surroundings and 
further bonding get enhanced with the increase in concentration of proline due to 
the increase in interactions among the proline molecules, which results in the 
decrease of compressibility of solutions. But the decrease in compressibility values 
were observed more in the case of sugars (fructose & maltose). This great 
reduction is due to the increasing interactions (hydrophobic) in the protein 
molecules in the presence of sugars. But by comparing the effect by two sugars 
(fructose & maltose), decrease in compressibility was observed more in maltose. 
The plots of relative change in compressibility, pr as a function of concentration 
IV 
show an irregular pattern in case of alpha-lactalbumin - proline buffer system, while 
fructose shows a maxima in the curve (indicating the dramatic inhibition of protein 
dynamics) at each temperature on 0.375M of fructose, and with maltose reflecting a 
minima in the curve (indicating dominance of protein dynamics in comparison of 
other factors(denaturation of protein) at each temperature on the same 
concentration of maltose (0.375M). It means relative lowering of compressibility in 
present case is more dependent on the nature of stabilizer than the nature of 
protein itself. 
The partial specific volumes {v") and compressibilities (ps) of the 
systems were evaluated from density and ultrasonic velocity. The values of partial 
specific volume and compressibility were found to decrease with the increase in 
molarity of sugars (fructose and maltose) and proline in their respective systems. 
The decrease in volume and compressibility was found to be more in the case of 
maltose due to its larger molecular weight, due to which, effect of stabilization 
capacity per unit mass of maltose increases which in turn leads to reduction in 
protein volume and compressibility. Not much of the increase was observed in the 
values of partial specific volume and partial specific adiabatic compressibility with 
the increase in temperature as per expectation in all three systems (alpha-
lactalbumin-L-proline, alpha-lactalbumin-fructose & alpha-iactalbumin-maltose-
buffer system). This may be due to the reason of increased hydration capacity of 
the denatured protein than to the native. Once the protein get denatured at some 
temperature, increase in the values of volume and compressibility can be observed 
but after the denaturation, hydration capacity increases, thus values show again 
decrease. 
The viscosity and its derived parameters provide information regarding the 
shapes and sizes of the molecules. Viscosity of all the systems increase with 
concentration and decreases with increase in temperature. The values of intrinsic 
viscosity, [r|] and shape factor (v), calculated for alpha-lactalbumin - L-proline -
buffer system are 3.7994 and 3.5542 ml/g showing the globular form of protein. At 
313.15K a marked increase in values of intrinsic viscosity and shape factor were 
observed. This is due to the denaturation of protein at higher concentration. Again 
with a further increase in temperature instead of increase a decrease was observed. 
This is for the same reason of increase in hydration capacity for the denatured 
alpha-lactalbumin then for the native. 
The Gibbs free energy of denaturation shows initial decrease with the 
increase in concentration of proline (up to 43.2 x 10"^  gm/ml). After then, at 
57.6 X 10"^  gm/ml and 86.4 x 10"^gm/ml of proline an increase was observed. This 
may be due to the fact of better stabilization capacity of proline at its lower 
concentration than at its higher concentration. Preferential hydration may decrease 
with increasing concentration of proline, may be due to the accumulation of proline 
molecules on the surface of protein at its higher concentration leading to small 
destabilization of protein. The Gibbs free energy of native protein is more as 
compared to the protein present in the proline (up to 43.2 x 10"^  gm/ml of proline). 
This shows stabilization tendency of proline at its lower concentration. 
Thus the present study provides information regarding the 
stabilization effects of alpha-lactalbumin by sugars and amino acid with their 
increasing concentrations using three different techniques. 
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The biomolecules which major class of living organisms is composed 
of is protein. In comparison to other biomolecules like nucleic acids, lipids or 
carbohydrates, protein fulfills the largest variety of different functions. Proteins are 
linear polymers formed from twenty [1] different naturally occurring alpha - L amino 
acids connected by amide (peptide) bonds. The hydrophobic core of amino acid in 
protein maintain the typical structural feature of globular protein by preventing the 
penetration by water [2].Under so called physiological conditions (i.e ambient 
temperature and pressure, low to moderate salt concentration in aqueous solution) 
most natural proteins predominantly adopt a defined three dimensional structure 
referred to as the native or folded state. Usually attaining the native structure, in 
which the linearly connected amino acids are aranged in a defined manner in 
space, is an absolute prerequisite for protein function. Protein folding is the process 
by which the amino - acid sequence of protein determines the three - dimensional 
conformation of the functional protein [3]. Protein folding designates the 
conformational transition of a protein from its unfolded to folded state. Proteins exist 
as an equilibrium mixture between their native and denatured states and 
continuously fold and unfold in vivo. The native structure of proteins is fully encoded 
in their amino acid sequence (primary structure) [4], thus allowing proteins to fold in 
the absence of any other factors .However, especially some larger proteins are 
known to be prone to misfolding and aggregation. These proteins only fold 
efficiently in the presence of accessory proteins such as chaperons [5], disulfide 
bond [6] and peptidyl prolyl isomerases [ 7,8,9 ]. Chemical Chaperons, which are 
various low molecular mass compounds, have been shown to stabilize proteins in 
their native state and to protect them against thermal denaturation and aggregation 
in vitro [10-12]. 
Native proteins are stabilized by a multitude of non-
covalent protein-protein and protein-solvent interactions, most of which are 
quite weak on their own [13, 14]. The electrostatic interactions, hydrogen 
bonds and van-der-waals contribute to protein stability, but a major portion 
result from the so called hydrophobic effect or hydrophobic free energy 
[15]. At ambient temperature the hydrophobic free energy is mainly entropic 
and is thought to result from the ordering of solvent molecules around the protein 
surface, which is accompanied by loss in orientational freedom. Thus, the 
hydrophobic effects favour the burial of protein surface in order to minimize the 
protein-solvent interface. Recent work by the group of Baldwin [16] questioned the 
energetic role of hydrogen bonds. Taken Into account the solvation of hydrogen 
bonds, these researchers [17- 20] concluded that hydrogen bonds in proteins are 
strongly stabilizing as long as they are solvent-exposed and thus solvated. On the 
other hand, hydrogen bonds which are buried within the interior of proteins should 
contribute only weakly to the stability of the native state since they can not be 
solvated. Multiple interactions between protein residues well separated in primary 
structure cause the overall compaction and defined fold of the native protein. Native 
proteins were found to adopt ordered and defined structures. Several recurring 
secondary structure elements (alpha-helices, beta-pleated sheets, loops and turns) 
are arranged in a specific manner in space giving rise to the so-called tertiary 
structure of proteins [21]. 
Although native proteins display relatively defined three-dimensional 
structures, they are far from being static entities but rather comprise ensembles of 
several inter converting conformers. The temperature factors (B-factors) observed 
in protein crystals hint at varying mobilities in parts of the protein. Nuclear magnetic 
resonance (NMR) methods [22, 23], such as relaxation measurements or hydrogen-
deuterium exchange [25- 27] are particularly suited to study motions within native 
proteins [23, 28, 29], ranging from bond vibrations (femto second time scale) and 
isomerizations of amino acid side chains (pico to nanoseconds) to loop motions 
(nanoseconds) and local unfolding of protein domains (micro to milliseconds). 
Flexibility of native proteins is important for their function as is clearly seen 
for enzymes, e.g for the prolyl isomerase cyclophilin [30, 31] and in the case of 
induced fit mechanism of hexokinase [32, 33]. Frauenfelder and coworkers [34] 
demonstrated that the photodissociation from myoglobin requires motions within the 
protein. Further evidence was provided by the work of Ansari et al [35] who found 
that this photo dissociation reaction is drastically slowed in solutions of increased 
viscosity. 
In nature, proteins perform many functions and are considered as "the work horse 
of life". Thereby proteins evolve and perform their tasks mostly in aqueous 
environments. The studying of protein in aqueous solution has much wider 
significance in diverse fields like protein folding, protein engineering, and other 
interesting phenomenon like solvation dynamics and enzymatic reactions 
[21, 36, 37]. In general, many investigations of aqueous solution of proteins have 
stressed the importance of protein - water interactions. Pioneering work studies 
have also shed light on unique features associated with the ubiquitous nature of 
water. Undoubtedly, most researchers agree over the putative role of water in 
shaping the protein energy landscapes. Water as it is commonly perceived, is not 
simply a filling medium, but plays a crucial role for protein functions. It enhances 
enzymatic reactions, assists in folding mechanism, and facilitates many reactions of 
proteins within and outside cells. Therefore, water in proteins has been the subject 
of intense investigation for a long time [38-42]. 
Hydrophobic interactions are thermodynamically favored at high temperatures 
because the ordered structure of water present at room temperature becomes 
disordered and takes on higher energy states when the system is heated [2]. Right 
after disulfide bonds and hydrophobic interactions, in order of contribution to 
structure, electrostatic interactions plays a major role in the folding of proteins, 
which affects the elasticity and strengths of globular proteins gels. 
The pH dictates the total on the protein whereas the ionic strength 
determines the degree of interaction among the charges because salt interact with 
charges [2]. When added to protein solution, mono-valent salts will shield charges 
on the protein. This reduces the electrostatic repulsion on the protein and will 
prevent it from fully unfolding, which at neutral pH will result in particulate gel 
formation [43]. This charge shielding phenomena is mainly valid at low salt 
concentrations [2]. At higher concentrations, the charges on the proteins saturated 
and the effect of salt falls on the solvent properties, either dielectric constant [2] or 
solvent quality. 
As Nad concentration is increased up to 0.1 - 0.2 M, the ions primarily interact with 
the charges on the protein, which enhances the interactions between proteins. 
Beyond this concentration, the steady decrease in fracture stress/elasticity is 
probably caused by changing the solvent properties. This latter observation has 
also been made by Verheul et al (1998 b) [44]. 
Osmolytes are known to stabilize proteins against aggregation. Schein 
described effect of osmolytes on proteins and on the solvent properties of water 
[45]. Many potential stabilizing co-solutes for proteins have been investigated [45] 
that mainly affect the solvent properties of water as related to protein polarity and 
protein diffusion. Osmolytes as solvent additives can effect protein affinity for the 
hydrophobic surfaces of enzymes, as well as protein stability and solubility. Any 
mechanism offering generalize protection of protein against denaturation is of 
fundamental importance to their folding, stability, and function and is of major 
practical interest in biotechnology, evolutionary biology and biochemistry [46]. The 
theory that osmolytes became associated with particular proteins through natural 
selection implies that particular physicochemical properties of the stabilizing organic 
osmolytes solutions were selected for their ability to protect macromolecules and 
other components of the organism [47, 48]. 
Osmolytes are classified as 'compatible osmolytes' including polyol and free amino 
acids and 'counteracting osmolytes' such as trimethyl amine N-oxide (TMAO) [46]. 
Compatible osmolytes protect proteins subjected to threatening conditions such as 
extreme temperature fluctuations, excessive dryness or high salt environments, 
while counteracting osmolytes protect cellular proteins against urea inactivation 
[49, 46]. Compatible and counteracting osmolytes may have different mechanisms 
for protecting proteins because the relevant environmental stresses vary [47]. 
Osmolytes maintain adequate catalytic rates of proteins, a high level of 
regulatory responsiveness and a precise balance between stability and flexibility of 
the structure (tertiary conformation, subunit assembly and multi protein complexes) 
[50]. Therefore, we suggested that osmolytes might have more important 
physiological functions for maintaining life development and evolution. It was 
suggested that osmolytes like dimethylsulfoxide and proline prevented exposure of 
creatine kinase [ 51 ] and hence they are not only energy substrates for metabolism 
and organic components in vivo, but also exert an important physiological function 
for maintaining adequate rates of enzymatic catalysis and for stabilizing the 
protein's secondary and tertiary conformations. 
The unfolding of proteins by reagents such as urea or guanidium chloride has long 
been considered to arise because of the favourable interaction of these reagents 
with the normally buried interior segments of a protein, thereby stabilizing the 
unfolded form relative to the folded one [52]. In like manner stabilization of folded 
protein structures by osmolytes such as sucrose is thought to result from 
unfavourable interactions with interior residues of the proteins there by producing a 
relative destabilization of the unfolded form [53]. It is possible to treat both of the 
above processes as two aspects of the same phenomenon, differing from one 
another only in the sign of the free energy of interaction [54]. 
Addition of sugars to an aqueous solution of the protein resulted in an 
unfavourable free-energy change [55] and the effect was shown to increase with an 
increase in protein surface area, explaining the protein stabilizing action of these 
sugars and their enhancing effect of protein association. 
Proteins contain only three residues that have the property of intrinsic 
fluorescence. These chromophores form the following series: tryptophan > tyrosine 
> phenylalanine according to their quantum yield. The fluorescence of tryptophan is 
most commonly used for analysis of proteins since the quantum yield of 
phenylalanine fluorescence is extremely low and tyrosine fluorescence is strongly 
quenched in the majority of cases. Quenching of tyrosine fluorescence can be due 
to ionization, location energy transfer to tryptophan [55]. Application of intrinsic 
fluorescence to the study of protein conformational analysis relies on the fact that 
the parameters of tryptophan emission (intensity and wavelength of maximal 
fluorescence) depend essentially on environmental factors, including solvent 
polarity, pH, and presence and absence of quenchers [55]. For example, a 
completely solvated tryptophan residue (e.g, free tryptophan in water or tryptophan 
in an unfolded polypeptide chain) has a maximum fluorescence in the vicinity of 
350nm, where as embedding this chromophore into the non-polar interior of a 
compact globular protein results in a characteristic blue shift (stabilization) of its 
fluorescence maximum (stokes shift) by as much as 30-40nm [56-58]. This means 
that the value of A^ ax of tryptophan fluorescence contains some basic information 
about whether the given protein is compact or not under the experimental 
conditions. For this reason, the analysis of intrinsic protein fluorescence is 
frequently used for the study of protein structure and conformational change. 
To some extent, the information obtained from dynamic quenching of 
intrinsic fluorescence is similar to that obtained from studies of deuterium exchange, 
since it reflects the accessibility of defined protein groups to the solvent. However, 
in distinction from the deuterium exchange, this method can be used to evaluate the 
amplitude and time scale of dynamic processes by using quenchers of different 
size, polarity and charge. In one example of this approach, it has been shown that 
the rate of diffusion of oxygen which is one of the smallest and most efficient 
quenchers of intrinsic protein (fluorescence ) within a protein molecule is only two to 
four times slower than in an aqueous solution [59, 60]. 
Furthermore, oxygen was shown to affect even those tryptophan residues 
that, according to X-ray structural analysis, should not be accessible to the solvent. 
These observations clearly demonstrated the presence of substantial structural 
fluctuations in proteins in the nanosecond time scale [60, 61]. Acrylamide is one of 
the most widely used quenchers of intrinsic protein fluorescence [62]. Acrylamide, 
like oxygen is a neutral quencher but with a much larger molecular size. This size 
difference results in a dramatic decrease in the rate of protein fluorescence 
quenching over that of oxygen [63, 62]. This decrease is due to the inaccessibility of 
the globular protein interior to the acrylamide molecule. Thus, acrylamide actively 
quenches only the intrinsic fluorescence of solvent exposed residues. As applied to 
conformational analysis, acrylamide quenching was shown to decrease by two 
orders of magnitude as unstructured polypeptide chains transitioned to globular 
structure [63, 64]. Importantly the degree of shielding of tryptophan residues by the 
intermolecular environment of the molten globule state was shown to be close to 
that determined for the native globular proteins, whereas the accessibility of 
tryptophans to acrylamide in the pre - molten globule state was closer to that in the 
unfolded polypeptide chain [65]. The fluorescence quenching by acrylamide of the 
single tryptophan residue in the beta to subunit of tryptophan synthase was to verify 
the presence of a conformational transition induced by interaction with the cofactor; 
pyridoxyl 5 phosphate [66]. 
Simultaneous application of quenchers of different size, polarity and charge 
(oxygen, nitrite, methyl vinyl ketone, nitrate, acrylamide, acetone, methyl ethyl 
ketone, succinimide, etc.) could be more informative since it may yield information 
not only about protein dynamics but also about peculiarities of the local environment 
of chromophores. The information on the local environment of chromophores could 
be also retrieved from simple quenching experiments. In an example of 
simultaneous application of multiple quenchers, the heterogeneous fluorescence of 
yeast 3 - phosphoglycerate kinase was resolved into two approximately equal 
components, one was accessible and another one was inaccessible to the 
quencher succinimide [66]. The fluorescence of the inaccessible component was 
shown to be blue shifted and exhibited a heterogeneous fluorescence decay which 
had a temperature dependence and steady-state acrylamide quenching properties 
typical of a single tryptophan in a buried environment. This component was 
assigned to the buried tryptophan W333. The presence of succinimide greatly 
simplified the fluorescence, allowing the buried tryptophan to be studied with little 
interference from the exposed tryptophan [55]. 
Useful information about the mobility and aggregation state of macromolecules 
in solution can be obtained from analysis of fluorescence polarization or anisotropy. 
If excited light is polarized and passed through a protein solution, fluorescence will 
be depolarized or remain partially polarized. The degree of fluorescence 
depolarization results from the following factors that characterize the structural state 
of the protein molecules: 
1) Mobility of the chromophores, (strongly dependent on the density of the 
environment). 
2) Energy transfer between similar chromophores [55, 67-72]. 
Further more the relaxation time of tryptophan residues determined from 
polarized luminescence data are a reliable indicator of the compactness of the 
polypeptide chain. The relaxation times of tryptophan residues determined by 
fluorescence polarization for alpha lactalbumin [73, 74] and carbonic anhydrase B 
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[75] showed high degree of protein compactness in both the native and the molten 
globule states. 
In many ways, fluorescence quenching is an ideal probing technique 
from both an interpretive and experimental point of view. Because exposure can be 
reported by mere collision with the excited state of tryptophan before it fluoresces, 
the quencher does not have to be in constant contact with the fluorophor, as is the 
case with solvent perturbation and related techniques [76, 73]. Consequently, a 
much lower total concentration of the probing agent is needed by the fluorescence 
technique. Since the technique is basically a fluorescence experiment, only a very 
small amount of protein is required (less than a milligram). In contrast to chemical 
modification studies [77], quenching with acrylamide leads to ground-states 
molecules, so that the protein is not permanently damaged, and the reaction itself 
does not induce a structural change in the protein. 
Alpha lactalbumin is a small (14 KDA), highly abundant calcium-binding 
protein from milk, which, has after decades of intensive study, become one of the 
best characterized proteins in protein science [76]. One of the reasons for the high 
interest in the study of alpha lactalbumin is its ability to convert under mild 
denaturing conditions in to the equilibrium molten globule state, representing what is 
now considered a general intermediate in protein folding [73].The study of alpha 
lactalbumin is very interesting from several point of view, alpha lactalbumin has a 
single high affinity Ca^* site, [77, 78], and it is frequently considered as a simple 
model Oa^^ binding protein, alpha lactalbumin forms several partially folded 
intermediate states. At acidic pH and in the apo-state at elevated temperatures, 
alpha lactalbumin is the classic molten globule [73, 79]. A wide range of 
experimental studies has been undertaken to gain insight in to the molten globule 
state of alpha lactalbumin [80, 81], a species that has recently gained considerable 
attention through successful clinical trials as a key component of an anti tumor 
compound [82]. It was found that some form of alpha lactalbumin can induce 
apoptosis in tumour cell [83, 84] and also posses bacteriacidal activity [85, 86] 
which suggest that it fulfills many important protective biological functions. Finally, it 
has been recently shown that alpha lactalbumin is able to form amyloid fibrils at low 
pH, where it adopted the classical molten globule like conformation [87]. Alpha 
lactalbumin has the lowest denaturation temperatures of the whey proteins, which 
varies only slightly when pH is varied. The denaturation temperatures are 59 °C, 
61 °C, 62 °C for pH 3.5, pH 6.5 and pH 7.5, respectively [ 88,89 ]. However, it is the 
only whey proteins that is thermo reversible (90 > %) (i.e, it renatures upon cooling) 
[88]. 
In the present work, an attempt has been made to study: 
i) The stabilization effect of proline with its varying concentration on alpha-
lactalbumin in terms of lambda maximum (Amax) of fluorescence, 
ii) To measure stability effect of sugars [fructose, maltose, and sucrose (with its 
varying concentration)] on stability of alpha lactalbumin in terms of lambda 
maximum (Amax) of fluorescence. 
iii) The interaction of reducing (fructose and maltose) and non reducing (sucrose) 
sugars with alpha-lactalbumin. 
iv) To compare the extent of stabilization of protein by two types of sugars 
(reducing and non reducing) in the presence and absence of proline. 
^X(FE<RI94.^yfrAL 
MATERIALS AND METHOD: 
Alpha - lactalbumin and proline were obtained fronn sigma chemical Company. All 
other chemicals were of analytical reagent grade. Fructose, Sucrose, and Maltose 
were obtained from Merck Company. For sample preparation, the 0.1 M aqueous 
solutions of both monobasic and di-basic sodium phosphate (purchased from E. 
Merck) were mixed in different proportions to prepare phosphate buffers of pH 7.0. 
The pH of these solutions was measured by digital pH meter (Elico pvt. Ltd. 
Hyderabad, model T-10). The 2.828 x 10 "^  M of alpha-lactalbumin were prepared in 
0.1 M phosphate buffer at pH 7.0 and the concentration of alpha-lactalbumin was 
kept constant in all the system under study. Two set of solutions were prepared. In 
first, 
(1) Three solutions of alpha-lactalbumin and buffer were prepared each in the 
absence of proline with different sugars (fructose, maltose, and sucrose) with 
varying concentration (0.063M, 0.375M & 0.750M). 
(2) Three solutions of alpha-lactalbumin each in the presence of proline 
(0.063M, 0.375M & 0.750M) with different sugars (fructose, maltose & sucrose) with 
varying concentration (0.063M, 0.375M & 0.750M). 
Fluorescence measurement were performed on a Hitachi 
spectrofluorometer, Model F- 2500, part no. 251-0098 with a 150W Xenon lamp and 
slit width of 10 nm, using a 1.0cm quartz cell. The excitation wave length of alpha 
lactalbumin was performed at 280nm with emission wave length ranges from 300 to 
400nm. 

RESULT AND DISCUSSION: 
Fluorescence spectra of alpha-lactalbumin in presence of phosphate buffer at pH 
7.0 were recorded. The lambda maximum (Amax) of native protein was found to be 
329nm. In the presence of proline with protein and buffer the lambda max (Amax) 
decreases [blue shift (shows the stabilization effect)] at all of its three concentration 
i.e at 0.063 M (shift from 329 to 326.5nm), 0.375 M (shift from 329 to 327.5nm), and 
0.750 M (shift from 329 to 328.5nm), but comparative increase in lambda max [red 
shift (shows the destabilization effect)] with corresponding increase in concentration 
of proline was observed from Table 1.1. 
With the absence of proline but with the presence of individual sugars 
(fructose, sucrose and maltose) with its varying concentration (0.063M, 0.375M and 
0.750 M) with alpha-lactalbumin and buffer (Table 1.1) the increase in lambda max 
(red shift)was observed in all of the three sugars at all of its concentration 
(mentioned above) compared to native protein. 
Now with the addition of proline (corresponding concentrations i.e 
0.063M, 0.375M and 0.750M) in the presence of individual sugars (fructose, 
sucrose and maltose) with its varying concentration (0.063M, 0.375M, 0.750M) with 
alpha lactalbumin and buffer (Table 1.2) the decrease in lambda max (Amax) was 
observed as compared to the system in which proline is absent [Table 1.1] in all of 
the sugars-proiine at all of its concentration, except fructose-proline in which 
increase in wavelength was observed by the addition of proline at two of its higher 
concentration, i.e at 0.375M and 0.750M, the decrease in lambda max (Amax) was 
observed more in lower concentration range of sugars - proline i.e at 0.063M. At 
0.063M of proline - sugars (fructose, sucrose and maltose) lambda max (Amax) shift 
to the lower wavelength (blue shift) compare to the native protein (from 329 
to327.5nm in case of fructose - proline, from 329 to 328nm in case of sucrose-
proiine, and from 329 to 327.5nm in case of maitose-proline) showing the 
stabilization effect in the presence of proline ( Table 1.2 ). 
12 
TABLE 1.1 Experimental values of lambda max (Amax) of intrinsic fluorescence of 
proline / fructose /sucrose /and maltose - alpha-lactalbumin - buffer system at pH 
7.0 versus concentration of respective systems. 
Cone. Of y ^ 
cosolvent y ^ 
(mol/l) / ^ proline fructose sucrose maltose 
^y^ ^max 
X (nm) 
0.063 326.5 330.0 336.0 341.5 
0.375 327.5 341.5 335.5 335.0 
0.750 328.5 336.5 331.0 332.5 
Native protein in buffer -+ 329nm 
Cosolvents —> proline, fructose, sucrose, maltose. 
13 
TABLE 1.2 Experimental values of lambda max (Amax) of Intrinsic fluorescence of 
proline / proline - fructose / proline - sucrose /and proline - maltose - alpha-
lactalbumin - buffer system at pH 7.0 versus concentration of respective systems. 
Cone, of ^ ^ 
cosolvent / ^ 
(mol/l) / ^ proline proline - Proline - Proline -
^ / ^ ^max fructose sucrose maltose 
/ (nm) 
0.063 326.5 327.5 328.0 327.5 
0.375 327.5 342.5 327.0 330.0 
0.750 328.5 354.0 330.0 332.0 
Native protein in buffer -^ 329 nm 
Cosolvents —>• proline, fructose, sucrose, maltose. 
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We observed that the presence of proline gives blue shift in lambda max (Amax)-
Bovine alpha-lactalbumin contains four tryptophan residues at positions 26, 60, 104 
and 118. It has been reported that of these four tryptophans, the on^ at position 60 
is part of a loop and is exposed to the solvent in the native state and it contributes 
only 7% to the total fluorescence of the protein [90]. The tryptophan residues at 
position 104 and 118 are a part of the 3io Helix and 26 is a part of a-helix. These 
three residues are essential for the formation of MG (Molten globule) like structure 
and MG state was observed in our case in Figure 1.1 and 1.2 both. 
The tendency of polar groups on the surface of proteins to bind the 
water molecules tightly in aqueous solutions, generally known as water of hydration, 
and if this hydration is maintained in a concentrated solution of solvent additives 
(cosolvent, cosolute or osmolyte), a difference in the concentration of additives 
result in preferential hydration such that excess water accumulates near the protein. 
Preferential binding is the adhering of the additives (cosolvent) 
with the protein molecule at a level at which concentration of cosolvent in the vicinity 
of the protein exceeds the concentration of the additives in bulk solution. If there Is 
an excess of additive or ligand in the protein domain relative to the bulk solvent 
composition, it is described as preferential binding [93, 94]. 
Intrinsic fluorescence of protein was observed alone, 
A) In the presence of proline with its varying concentration (0.063M, 0.375M, 
0.750M), 
B) In the absence of proline with varying concentration of sugars (0.063M, 0.375M, 
0.750M) and 
C) In the presence of proline with varying concentration of sugars (0.063M, 0.375M, 
and 0.750M). The fluorescence spectra of protein gives the characteristics lambda 
maximum (A a^x) of alpha lactalbumin at 329nm, which is consistent with that 
obtained in the literature (Fasman)[ 99]. 
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A) At 0.063 M of proline with protein and buffer (Table 1.1) there is a blue shift from 
329nm to 326.5nm. At 0.375 M of proline there is again blue shift from 329nm to 
327.5nm and in the presence of 0.750 M of proline there is a shift of the lambda 
max (Amax) from 329nm to 328.5nm (blue shift), indicating stabilization. We observed 
that, however at individual concentration of proline lambda max (Amax) shows blue 
shift (stabilization) with respect to that of protein but with increasing concentration 
of proline (Figure 1.1 a) the fluorescence spectra of the protein gives the 
comparative red shift (destabilization). It means that proline shows destabilization 
effect at its higher concentration. This may be due to the higher concentration of 
proline at which sufficient hydration of the protein capacity decreases and it may be 
expected that some amount of proline may come into the vicinity of protein and may 
bind to its surface, showing a small comparative red shift in the fluorescence 
spectra of protein with proline with its varying concentration. This is taken by the 
fact that at high osmolyte (cosolvent) concentrations (above about 1 M (molar) 
sufficient hydration of the protein molecules is no longer possible (in accordance 
with calorimetric data (Ravindra and Winter, 2003 [91] and Ravindra and Winter, 
2004 [92]) and the effect may be reversed. 
B) With the absence of proline and in the presence of sugars (fructose, sucrose, 
and maltose) with protein and buffer the spectra shows red shift (shifting of smaller 
wave length to larger wave length) compare to the native protein at all concentration 
ranges of sugar. By observing the Figure [1.1( b)], it can be reported that. However, 
with increasing concentration of fructose lambda max (Amax) shifted to larger 
wavelength (red shift) i.e lambda max (Amax) shifted from 330nm (at 0.063M) to 
341.5nm (at 0.375M), with the further increase in concentration of fructose (0.750M) 
Amax shifted to lower wave length (blue shift) i.e 336.5nm. Similar is the case with 
sucrose [Figure 1.1c] lambda max (Amax) shifted from 336nm (at 0.063M) to 331 nm 
(at 0.750M) at its final concentration. In maltose also same lowering in wave length 
(blue shift) was observed with the corresponding increase in concentration [figure 
1.1 d].This reflects the stabilization behaviour of sugars. However, by comparing 
with the native protein red shift was observed instead of blue shift at all of its (sugar) 
o 
r-O 
O 
CO 
o 
oo 
CO 
o 
co 
o 
CO 
CO 
o 
CO 
o 
o 
CO 
CO 
o 
h CM 
CO 
o 
o 
o j n r m r r q i n m riTf m rTn-nTrrrrrTnTniTmTTTjrTrmmnrr r|TtT^ ^^ ^^  
(fTV) Ajjsueiu! souaosajnoy 
•E I :i J 
E ra 2 1 ^ 
t§i| 
^ <1> CM . E 
• ^ - C CO Q) 
o .E g 2 
X c " - ' 0) 
00 ro S .E 
00 < CO ^ 
o c .^ ^ 
g 0) o c 
0 .E = CO 
<D 0) 2 ?5 
^ ^ - ^ ^ ^ 
w (U c 2 
>- <- o !; 
3 a) Q.0O 
D. (A 
re 1- - ^ c •—' 
-. *- ro 5 -^ 
a> o E c c 
U_ Q. O Q.CO 
i 
c 
rrrmi-n7iTTTpTTp^^mrm^m^Tm^T]TiiT7>rTTmT^rrmTt-r^ 
E 
c 
C J) 
> 
4—' 
03 C it; to 
C — C/) c 
E 03 O ""^ 3 
J3 
^ . i n ro 
o 
_ro 
03 JK " '-' 
Q. 
03 
^ Pig 
Q - O ^ 
„< CO -"2 
S ^ ^ i 
^ • ^ ^ ' < \ ) 
o 
.EJZ 
T3 " ^ Q. 
X 
00 TO 2 0) 
CM O^CD O 
00 < o "G 
c\i ^ o 2 
>*— £ ^ - ^ 
o C 0 T-, 
03 S ^ c 
L _ 
00 XJ ™ o 
0) 
o 
to 
c 
o 
E 0 ^-^ 
0) Q. E 
'« ^ A ^ (0 =j ^ i n 
E 
(U 
-Q S ^ 
— y CO 
di ^ 'x 
o t - 1*- , ro 
c 3 E 
<u ro 0) :S 
u 1 - CO <u o ^ 
L _ 
o 3 0 ^ 00 
u_ E o o . 
^ 
^ 
o § S Q 
*- ro 3 ;^ r -
" -i: -9 E 
0) O S^  c: c 
3 r^  g o j ^ 
_D) T - C "S CD 
X o " 00 
E Q. O CLOO 
vo m ^ m <N 
(nv ) Ajisuajuj aou8DS9jno|j 
c 
o 
o 
o 
CO 
o 
CO 
CO 
o 
CO 
o 
CO 
o 
If) 
CO 
o 
o 
h CO 
CO 
o 
CM 
CO 
o 
T -
CO 
P P B S p o p 
m r4 
E 
c 
c 
C 
Q) 
0) 
> 
J5 
.b: O 
E 
o 9i^^ CD 
CO 1— <5 
0 :=r 
™ C CD 
S •" P 
- ?° 
o ™ u.-
cvi E I 
CXD C C 
CO re 1 
o -< w 
CD ~—^ O 
E 
CD 
0) (0 
^ b 
3 g r o w 
g 0.0 
W3 C c 
0) Q) O 
O 
•o 
C 
(0 
O 
E 
c 
in 
in 
CO 
00 
1 
in Q 
C O -
o 0 
J3 
CO 
CO 
- E 2 
. . t : Q) 
• q o 
| x . E 
^ " ^ ^ 
.— 4- ' CO 
U . CO > 
• ^ c 
o 
in 
o 
(n'V) A}!SU9jU! eou90S8jno|j 
O O O O O O O Q O O O S O O O O O Q O O O 
r > J | r s | < - l l - l r H H T H > - t r H > H r H H 
c 
CD 
c 
> 
J3 
T3 
C 
re 
O 
J=i- c 
-o o 
<= m i_ ,—, 
< n— C 3 C 
^ o o ^^ 
X I 
OO 'x 
CNJ 5 
C lO 
—^ is 
0) •< 
0 
0 <D 3= 
ro 3 
i= -Q 
Q. 
W _ 
g ra 
w _ 
W Q. 
1 E 
0) 
05 in ^ 
E J3 £0 
0 O — 
~ ^ Q) 
si 
m 
0 E i= 
0 0 1= 
2 8 
*- 5 ro o 
c 
0) 
o 
0) 
^ "^  c CO 
, - c o lo •-
iS E 
2:< 
ro o 
^^' 
Q) *— 
M— 
I 
C 
CD 
O 
Q. 
0 
3 
_ ^ 
3 ro 
L i5 Q. 
0 t -
O "(t 
c CO 
0 I 
0 E g 
•< E 
0 
o 
(n"v) Aiisue^u! 90U90S9jno| j 
22 
concentrations. A pronounced red shift of tryptophan fluorescence does not 
necessarily reflect a considerable increase in its mobility but in some cases native 
proteins with a fixed but relatively polar environment of tryptophan residues also 
shows a characteristic red shifted spectrum [95]. The phenomenon of giving red 
shift does not necessarily indicate the destabilization effect of protein but there is a 
possibility of accumulating relatively hydrophobic molecule in to apolar regions of 
proteins, thus facilitating the quenching of buried tryptophans [96]. Therefore , in our 
case, sugars in the presence of protein shows red shift does not necessarily 
indicate that it is solvent exposed. This is evident that lambda max (Amax) cannot be 
relied upon to predict the exposure of a residue. Other factors such as specific 
interactions between the indole ring and polar groups on the protein, or the 
presence of water molecules in the protein's interior may play a part in determining 
the position of the fluorescence spectrum [100]. 
The fluorescence maxima Amax of tryptophanyl residues in 
native proteins commonly ranges from about 325 to 350nm. It has been speculated 
that their may be some relationship between the Amax and the exposure of 
tryptophan in a protein [101]. This is based on the fact that denatured and unfolded 
proteins have a red (~ 350nm) emission, and that in solvents of low dielectric 
constant, such as dioxane, the Amax of indole is blue shifted (~ 320nm) and the 
theory is that surface residues that are exposed to water would fluoresce red, and 
those buried in a relatively apolar interior region of a protein would appear blue. 
Alternatively, a tryptophan might fluoresce blue if it would sandwiched in a rigid 
portion of a protein matrix, even if its microenvironment were not particularly apolar 
[IGOj.Therefore in the present case of sugars with protein the shifting to longer 
wave length compared to native protein does not necessarily reflect that it is 
solvent exposed. However with increasing concentration of sugars in all of the three 
cases (fructose, sucrose, and maltose) comparative blue shift was observed [Figure 
1.1 (b), Fgurel.1 (c), and Figure 1.1(d)] showing stabilization effects at its higher 
concentration. By observing the Figure 1.1 and Figure 1.1 [(e), (f) & (g)], of the three 
sugars (fructose, sucrose, and maltose) the lowering in wave length 
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was observed more in the case of sucrose (336.Onm to 331.Onm) with its increasing 
concentration (0.063M to 0.750M) followed by maltose (341.5nm to 332.5nm) at 
the same concentration range. Presence of sucrose shifts the conformational 
equilibria towards the most compact protein species within native state ensembles 
which can be explained by preferential exclusion of sucrose from the protein surface 
leading to stabilization [97]. 
C) In the presence of sugars with proline the spectra shows blue shift (the higher 
wavelength shifted to lower wavelength) as compared to native protein 
(Amax, 329 nm) in all of the three sugars at its lower concentration (0.063M). By 
observing the spectra of fructose - proline [figure 1.2(a)] it can be seen that lambda 
maxima shifted from 329nm to 327.5nm (blue shift) at the lower concentration of 
fructose and proline (0.063M) indicating stabilization. The spectra of sucrose -
proline [figure 1.2 (a)] also showed a lowering in wave length (blue shift) i.e Amax 
shifted from 329nm to 328nm at its lower concentration (0.063M) indicating 
stabilization. Similar is the case with maltose and proline [figure 1.2 (a)] same 
decrease in wave length was observed (329nm to 327.5nm) at the same 
concentration (0.063M) reflecting the stabilization. But at their higher concentration 
(0.375M and 0.750M of sugars -proline) comparative red shift (destabilization) was 
observed [Fig 1.2(b & c)]. This may be due to the effect of proline, due to the 
increase in concentration of proline sufficient hydration of protein decreases (result 
in destabilization) and red shift was observed. This is taken from the similar fact 
which we have given above for the proline alone [Figure 1.1 (a)] that with the 
increase in cosolvent concentration sufficient hydration of the protein is no longer 
possible and the effect of stabilization may get reversed [91,92]. By observing the 
Figure 1.3 [system in the presence of fructose and fructose - proline]. Figure 1.4 
[system in the presence of sucrose and sucrose - proline], and figure 1.5 [system in 
the presence of maltose and maltose - proline] we can report that the system in 
which proline is absent shows comparitive lowering in wavelength (blue shift) 
[downward shift of the curve] with corresponding increase in concentration of 
respective sugars but in the presence of proline similar increase in concentration of 
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sugars and proline shifted the wave length to the higher side (red shift) [upward shift 
of the curve], thus showing the destabilization effect [Figure 1.3, 1.4 & 1.5] at higher 
concentration of sugars-proline. Hence, proline is responsible for showing red shift 
at higher concentrations of sugars - proline. It may be concluded that proline acts as 
a good stabilizer at its lower concentration (0.063M) at which proline shows a 
greater stabilization effect as compared to three sugars (fructose, sucrose, and 
maltose),[Table 1.1] but at its higher concentration it may act as a denaturant. But 
all over we have seen that native structure of alpha-lactalbumin stabilizes more in 
the presence of proline, as, at all of its concentration (0.063M, 0.375M,& 0.750M) 
blue shift (shifting of larger wave length to smaller wave length) was observed 
compared to the native protein [figure 1.1 (a)] and also presence of proline in sugars 
shifted the wave length to lower side (blue shift) at lower concentration of sugars -
proline(0.063M) compared to the native protein [figure 1.2(a)]. The stabilization 
effect of proline also confirmed by the fact that proline stabilizes the secondary and 
tertiary conformation of protein (creatine kinase) against denaturation. Hence, act 
as a stabilizer [98]. 
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CONCLUSION: 
A) It is concluded from Figure 1.1 that, 
a) A comparative red shift instead of blue shift was observed in the presence of 
proline - protein and buffer with increasing concentration of proline may be due to 
the increase in concentration of proline at which the sufficient hydration of the 
protein capacity decreases and the effect of stabilization may get reversed. It 
indicates that the proline acts as a stabilizer at low concentration, but at Its higher 
concentration small destabilization may result compare to the stabilization at lower 
concentration. 
b) The fructose with protein and buffer shows the destabilization at all of its 
concentration. But lambda max (Amax) of fructose with protein and buffer shows a 
comparative blue shift with increasing concentration of fructose. This shows the 
stabilization effect of sugars. 
c) The value of lambda max (Amax) of sucrose with protein and buffer at all of its 
concentration is higher than the native protein, but comparative blue shift was 
observed with increasing concentration of sucrose. This may be due to the increase 
in steric exclusion with the increase in concentration of sucrose result in preferential 
hydration. 
d) The addition of maltose with protein - buffer solution also shows comparative 
red shift at lower concentration (0.063M) than at higher concentration (0.375M and 
0.750M), reflecting the destabilizing phenomenon at lower concentration but the 
comparative blue shift is also found in lambda max (Amax) at its higher 
concentration. This may be due to the same increase in steric exclusion with the 
increase in molecular weight and concentration effect of maltose, more possibility of 
increase in preferential hydration. 
This means that the stability of protein in presence of sugars increases with 
its concentration. 
B) Figure 1.2 shows that 
a) Proline with lactalbumin and buffer solution indicates stabilization at all of its 
three concentrations compared to the native protein but comparative red shift was 
observed with the corresponding increase in concentration of proline [Table 1.2 and 
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Figure 1.1(a)]. This may be due to decrease in hydration capacity of protein with 
increasing concentration of proline. 
b) The presence of proline with fructose (reducing sugar) indicate good stabilization 
of protein at 0.063M of proline - fructose compared to the native protein, but again 
an abnormal red shift was observed at two of its higher concentration (i.e at 0.375M 
and 0.750M). This may be due to the same decrease in hydration capacity of 
protein due to increase in concentration of proline and fructose. 
c) The presence of proline with maltose (reducing sugar) indicate stabilization of 
protein at 0.063M of proline - maltose compared to the native protein, but again 
abnormal red shift was observed by maltose and proline in lambda max (Amax) at its 
two higher concentration (i.e at 0.375M and 0.750M) may be due to decrease in 
hydration capacity of protein with increase in concentration of proline and maltose. 
d) While the presence of proline with sucrose [Table 1.2] reflects stabilization of 
protein at two of its lower concentration (i.e at 0.063M and 0.375M) compared to the 
native protein. Thus we have seen that stabilization activity of sucrose is more as 
compared to fructose and maltose. This may be due to the fact that presence of 
sucrose shifts the conformational equilibria towards the most compact protein 
species within native state ensembles, by preferential exclusion of sucrose from the 
protein surface. With the increase in concentration of sucrose due to its larger size, 
capacity of steric exclusion increases which in turn increases the preferential 
hydration of protein and due to this much less increase in wavelength (red shift) was 
observed (329nm to 330nm) compared to native protein as given by fructose-proline 
(329nm to 354nm) and maltose-proline (329nm to 332nm) at the same 
concentration (0.750M). 
C) The pattern of lambda max ( Amax) versus concentration of cosolvents in 
non reducing sugar sucrose and reducing sugars maltose and fructose is 
shown to be some what similar, but the shape of these curves are slightly 
different for fructose (reducing sugar) [ Figure 1.1 &1.2 ]. 
In the absence and in the presence of proline: 
In the case of sucrose (non reducing sugar), in the absence and 
presence of proline (figure 1.1 and 1.2), the lambda max (Amax) was at lower position 
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in all of its concentration compared to lambda max in the case of fructose and 
maltose (reducing sugars). 
More decrease in lambda max (Amax) was observed in case of sucrose 
(non reducing sugar) as compared to maltose and fructose (reducing sugars) with 
the increase in concentration of sugar/sugar-proline. 
Finally we can conclude that the stabilization effect was observed by fluorescence 
technique to be highest in case of proline as blue shift was observed (Amax shifted to 
lower wavelength) at all the concentration of proline compared to native protein 
[Table 1.1 and Figure 1.1(a)] and also by observing the Figure [1.3, 1.4, 1.5] in 
which the curve shows that the presence of proline keeps its position lower (lower 
wavelength, showing blue shift) as compared to the curve of the protein sample 
without any proline indicate stabilization effect of proline. A slight different behaviour 
was observed in fructose at two of its concentration (i.e at 0.375M & 0.750M), 
where curve shifted upwards (increase in Amax) in the presence than in the absence 
of proline. 
^£^£^£WC£5 
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It has been known that protein folding, micelle and membrane formation, and 
molecular recognition takes place in predominantly aqueous environments [1-3]. 
Although water is the dominant component, numerous other molecules are also 
present in these solutions. In practical implications, e.g in the processing of 
biomolecules, salts or cosolvents are frequently added to the solution to manipulate 
either biomolecular stability and or solubility, [4, 5] or the strength of the binding to 
ligands or surfaces [6, 7]. 
Certain microorganisms are known to adapt to extremes of environmental 
stresses by accumulating organic metabolites known as "osmolytes" that increase 
the stability of folded proteins [8, 9]. Novel osmolyte presenting protein resistant 
surfaces have been designed using the knowledge of protein - osmolyte 
interactions [10]. Literature on the subject of salt, cosolvent, and additive effects on 
biological molecules is vast and has been reviewed in excellent papers and review 
articles [11-15]. 
A conceptually useful perspective towards understanding salt / additive 
effects is that of 'preferential hydration / exclusion' by Timasheff and coworkers 
[15, 16-18]. The physical picture underlying preferential interactions is not unlike 
that of Onsager and Samaras classic treatment of additive effects on surface 
tension [19, 20], Indeed Parsegian et al. [21] have recently shown the intimate 
connections between preferential interactions, osmotic effects, and crowding 
perspectives. The authors argued that these three treatments are infact identical to 
each other, except for the use of different standard notations. Schimizu has recently 
presented that treatment from the Kirkwood - Buff perspective and has discussed 
differences in the osmotic and preferential interaction based methods [22]. The key 
factor that determines whether an additive increases or decreases the chemical 
potential of a macromolecule is the distribution of that additive between the region 
vicinal to the macromolecule and the bulk (away from the macromolecule). 
Additives that stay away from the macromolecule - solvent interface are said to be 
'excluded' and increase the chemical potential of the macromolecule, which is said 
to be 'preferential hydrated'. On the other hand, solutes that preferentially bind the 
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macromolecule reduce its chemical potential. If the macromolecule can sample 
folded and unfolded conformations, then the relative changes in their chemical 
potentials lead to the net stabilization (destabilization) of folded conformers by 
preferentially excluding (binding) additives. 
Polyolic cosolvents, such as glycerol, sucrose, have been shown to influence 
thermodynamic and dynamic properties of proteins in aqueous solutions. It has 
been suggested that this kind of cosolvent can stabilize proteins due to preferential 
hydration of the proteins [23, 16] without affecting the protein interior. Other studies 
[24-26] suggested that glycerol induces a reduction in the size and number of the 
water - containing voids in the protein. It has been studied that glycerol reduces the 
protein specific volume and adiabatic compressibility [27], This was interpreted as 
the collapse of water - containing voids and increasing intermolecular binding. 
Other studies have long shown that these cosolvents regulate kinetic 
coefficients of various protein reactions [28-31]. This effect was attributed to the 
change in the solvent viscosity induced by the cosolvents which results In increase 
in the ultrasonic absorption of albumin, suggesting an increase in the protein 
internal friction [32]. The thermodynamic properties of carbohydrates enjoy both 
biological and technological importance [33-37].These properties play a pivotal role 
in the study of the reaction conditions (e.g feasibility and optimization) of currently 
employed industrial processes such as enzymatic conversion of blomass to useful 
chemicals. Goldberg and Tewari [38] have reviewed some thermodynamic 
properties of a large number of pentoses and hexoses and their monophosphates In 
the condensed and aqueous phases. Various workers have made experimental [39-
43] and theoretical [44-46] investigations on the effect of stereochemistry on 
carbohydrate hydration. The molecular dynamics simulation studies [44-46] have 
provided important insights in to the hydration characteristic of carbohydrates. For 
example, the relative position of the next - nearest - neighbour hydroxyl groups 
within the carbohydrate molecule has been shown to be most important for 
carbohydrate hydration [43, 44]. Sugars and polyols are well known stabilizing 
agents for enzymes/proteins [47, 48]. Generally solutions of sugar and polyols have 
lower relative permittivities than pure water. Therefore, it is expected that 
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electrostatic interactions should be stronger in these solutions. In aqueous 
solutions, a carbohydrate is present in several forms [49]. This complicates the 
study of the stereochemical aspects of hydration in aqueous solutions. For instance, 
crystallographic data or data for carbohydrates in other solvent mixtures than water 
can not be used due to the special characteristics of the water [50-52]. The 
hydration of carbohydrates in relation to their stereochemistry has been a subject of 
study over a long period of time, [53] due to their importance in life processes [54-
57]. Concepts such as hydration numbers, [58-61] the anomeric effect, [62] and the 
ratio of axial verses equatorial hydroxy! groups [63, 64] have been used to 
rationalize the hydration characteristics as well as the hydrophobic index, [65] the 
hydrophobic volume of carbohydrate, [66] and the extent of compatibility with water 
structure dependent on the position of the next nearest neighbour hydroxyl groups 
within a carbohydrate molecule [67, 68]. However, the studies have not let to a 
comprehensive theory. 
According to the modern concept of the globular protein thermodynamics 
there are atleast three basic thermodynamic states of protein molecules in aqueous 
solution [69-73] the native, solid like state with a rigid tertiary structure; the unfolded, 
coil like state, and a liquid like characterized by the absence of tight packing of side 
chain groups, unfrozen rotation of the groups, a high compactness, and the native 
like secondary structure. The latter state, called the molten globule [74, 75]. 
Compressibility is an important characteristic of state of condensed matter. 
Among particular factors determining compressibility of proteins in solution are their 
packing density, various relaxation processes, outer surface hydration, and 
penetration of water inside the globule. Some of these factors have been studied for 
native proteins and to some extent, for unfolded polypeptide chains [76-78]. 
For native proteins, the intrinsic compressibility of the molecule is as low as 
that of macroscopic organic solids; the outer surface hydration contribution to the 
measured partial compressibility is quite negative; while relaxation contribution is 
negligible. Complete unfolding leads to a considerable decrease in the partial 
compressibility due to the loss of chain - chain contacts and the expansion of the 
surface area contacting the bulk water. As to the molten globule state, there is no 
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sufficient basis developed for its quantitative analysis. In particular, transfer of water 
molecules into the globule, which may contribute significantly to parameters under 
consideration, has not been properly analyzed; hence intrinsic properties of this 
compact state could not be accurately estimated. Inspection on the available data 
on the volume and compressibility changes in globular proteins upon denaturation 
[79-84] leads to the following conclusion of relevance to this report. If a protein is 
denatured under mild conditions (at moderate ionic strength and without strong 
chemical denaturants), then, on the one hand, an increase in partial compressibility 
is usually observed as if the denatured protein would remain compact but 
disordered and fluctuating. On the other hand, the magnitude of this increase is 
considerably less than would be expected by analogy of melting of macroscopic 
solids. The partial volume changes little. To explain these facts it has been 
suggested [85] that a protein in the compact denatured state could be a highly 
hydrated molten globule, whose partial volume and compressibility are markedly 
reduced due to the increase in hydration. Although the idea of the compensating 
role of water in the transition to molten globule appeared long ago and was 
considered theoretically [71] until now this role was studied rather qualitatively than 
quantitatively. Partial volume and its pressure derivatives (e.g., partial 
compressibility are the basic parameters determining the protein stability under 
elevated pressure at constant temperature. A large body of empirical data on 
volume and compressibility of proteins and their low molecular mass constituents 
has been accumulated. These data can contribute to our understanding of the 
volumetric properties of native proteins [81, 78]. 
Other important aspects relating to the volumetric properties of proteins are the 
hydration - volume and hydration - compressibility relationship. For instance, 
hydropathy indices for amino acid residues depend on the partial volume [86] and 
consequently, accurate partial volume values are needed for calculation of the 
indices. Partial compressibility is sensitive to hydration. The major part of the 
change in compressibility upon global transformations of proteins is due to hydration 
processes [78, 87, 88]. The greater the hydration, smaller the partial compressibility, 
this is a rule for protein solutions at normal temperature and pressure. 
47 
The values of partial volume and compressibility of completely unfolded polypeptide 
chains are essential reference points in the empirical analysis of volume -
compressibility structure relationships. Comparison of the volume properties of a 
protein in a particular conformation with the properties for the completely unfolded 
state is helpful for analysis of protein hydration [88]. The compressibility of the 
solution may be determined by the effects from solvent, solute and solvation. The 
effects of the solute are separated in to two parts: the compressibility of the solute 
molecule and solute-solute interaction. If the concentration of the solution becomes 
sufficiently low, the second effect becomes negligible. The compressibility of low 
molecular weight solute molecules may be negligibly small compared with other 
effects. In such cases, therefore the effects of the solute should not be taken in to 
account and the amount of hydration was obtained from the measurement of 
compressibility of solvent and solution [89]. Pryor and Roscoe [90] estimated the 
hydration of sucrose by measuring the ultrasonic velocity of the solutions of sucrose 
and a few other saccharides at different temperatures, and showed qualitatively that 
"solvation envelope" decreased with increasing temperature, provided the sugar 
molecules could be regarded as incompressible. The volumetric and compressibility 
behaviour of solutes in solution provide very useful information related to solute -
solvent and solute - solute interactions. The infinite dilution, partial specific volumes 
and compressibilities gives the structural phenomena associated with solvation 
processes. Since these properties are independent of solute - solute interactions, 
they are determined only by the respective intrinsic value and solute - solvent 
interaction. Various investigations have been done using electrolytes [91, 92], 
carbohydrates [93, 94] amino acids [95-97], peptides and proteins [98-103] in 
aqueous as well as in mixed aqueous solvents. During the past ten years, 
considerable amount of work has been done on the adiabatic compressibility of 
proteins. An important result obtained from such studies was that the globular 
proteins have positive compressibility as compared to their constituent amino acids 
which have negative compressibility indicating the great contribution of the internal 
cavity in the structure of proteins. Sugar solutions have large effects on the 
structure and properties of proteins including their solubility, denaturation, etc. In 
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literature, there are reports about the effect of sugars on the stability of proteins and 
enzymes [104-123] which has also been explained by their effect on the structure of 
water [124, 125]. Compressibility of liquids is an essential physical characteristic 
reflecting intermolecular interactions and dynamic processes occurring in solution. 
Studies of compressibility of aqueous solutions of proteins have been studied a long 
time ago [126, 127]. The intrinsic compressibility of globular proteins has been 
estimated by several authors, its value can not be considered to be known exactly, 
since a large discrepancy exists between estimations made in different laboratories 
and very arbitrary suppositions underlying these estimations are used [128]. There 
are three terms contributing to the overall partial compressibility of proteins in 
solution: 
1) Intrinsic, from the residue - residue interaction in the globular interior, 
2) Relaxational, from the structural transformations accompanied by volume 
changes, and 
3) Hydrational, from surface atomic group - water interaction. 
To derive the contribution from all kind of interactions occurring in the solution, a 
systematic investigation of the partial compressibilities of molecules of different 
structure and complexity, from small to large ones, in diluted aqueous solutions is 
necessary. In particular, the hydrational part is the most important one and should 
be quantitatively investigated. A complete understanding of the hydrational effects 
of a protein surface in compressibility can not be achieved without information on 
the contribution of protein atomic groups to hydrational compressibility and 
alterations of these contributions induced by the surrounding surface atoms of the 
protein. 
Amino acids are the most convenient low molecular weight substances for 
the analysis of atomic contributions to the hydrational term of the partial 
compressibility of proteins because they represent the most simple models, which 
contain all the atomic groups characteristics of proteins. Goto and Isemura [129] 
have measured apparent compressibilities of fourteen amino acids over a 
temperature range from 15 to 45 °C. Millero et al. [130] have studied fifteen amino 
acids in diluted solutions extrapolating the compressibility to infinite dilution. 
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The partial specific volume of a protein in a particular solvent is a parameter which 
is necessary for the determination of molecular weight of the protein from 
sedimentation equilibrium data, as well as for the interpretation of small angle X-ray 
scattering results. The measurement of the partial specific volume as a 
thermodynamic parameter can reflect and give an insight in to protein denaturation, 
and its contribution is two fold. First, through changes in the volume of the protein 
upon denaturation; second through interactions which the protein may undergo with 
the solvent component i.e preferential interaction either with water or with the 
denaturant. It is feasible to measure both the preferential interaction parameter as 
well as volume change upon denaturation by determining the partial specific volume 
of the protein under various thermodynamic conditions. Partial specific volumes and 
interaction with solvent components of alpha - globulin in the presence of 
denaturant has been calculated by V. Prakash [131]. 
The functionality of a given protein (such as its self association, 
thermostability, surface activity, and gelation) is determined by its unique molecular 
structure (primary, secondary, tertiary, or quaternary) and interactions which are 
involved under the environmental conditions [132].In their natural environment, 
proteins tend to adopt particular molecular conformations (usually called the "native 
state") that determines their functional properties in nature (for example , enzymes, 
carriers, or structural entities). When proteins are extracted for utilization in food 
products, their native conformation is often significantly altered, which may alter 
their functional properties. In addition, many of the functional properties of globular 
proteins are only exhibited, in response to some change in protein conformation, for 
example thermal denaturation often precedes gelation.The term "protein 
denaturation" can be defined in a number of ways. For example, it can be defined 
as some significant alteration in the molecular structure of the protein compared 
with its native state. Alternatively, it can be defined in terms of some change in the 
measurable functional properties from the native state of the protein, for, example, 
loss of solubility in solvents in which the protein was previously soluble, loss of 
enzymatic activity, or changes in molecular weight [133]. Gelation is generally 
induced upon thermal aggregation of protein molecules, which are partially 
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unfolded, exposing previously hidden reactive groups. Through physicochemical 
interaction, protein molecules can form a continuous network of various degrees of 
stability, depending on the aqueous environment. The unique combination of 
covalent bonds generally attributed to disulfide bonds and non covalent 
intermolecular connections provided by hydrogen and electrostatic bonds and 
hydrophobic effects will significantly impact the final gel properties displayed by 
protein is crucial. The magnitude of non covalent interactions is influenced by 
intrinsic environmental factors, such as pH and cosolvent concentrations [134]. The 
solvent and cosolvent systems have a significant impact on the gelling properties of 
globular protein. Protein molecules react directly to the activity of water [135]. This 
can be attributed to the unique properties displayed by water as a solvent system 
and its modification induced by the incorporation of various cosolvent molecules, 
which can alter the water structure surrounding the protein molecules, pH, and 
chemical potential. Because water is the most abundant ligand surrounding a 
protein molecule, there are numerous studies underlining the importance of 
hydration forces in governing near contact interactions between macromolecules 
[135]. 
The effect of cosolvent on the mechanism of globular protein gelation can be 
quantified in thermodynamic, kinetic, and optical terms. Cosolvent can affect their 
aqueous environments in numerous ways, for e.g; alter viscosity, density, dielectric 
constant, refractive index, pH, and osmotic pressure [136-141]. These alterations 
means that cosolvent impact the formation, structure and properties of globular 
protein gels, such as gelation temperature, gelation kinetics, gel strength and gel 
appearance [136, 137, 141-145, 140]. 
Cosolvent systems can be divided into four categories depending on 
whether their effect on protein transition is 1) Neutral, 2) Favourable, 3) 
Unfavourable, or 4) Combined [146]. 
1) Neutral cosolvents are rather rare in life solutions. This theoretically would occur 
if cosolvent and solvent molecules have the same size so that steric exclusion and 
differential interaction compensate each other. 
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2) Stabilizing cosolvents oppose a protein transition. The origin of the mechanism is 
based on the fact that the cosolvent system acts as a stabilizer because the change 
in transfer free energy for the respective transition is positive. Kosmotropic salts, 
responsible for the salting out effect, such as U\ Na\ SO/", COa '^, CI', and many 
simple sugars (for example sucrose, glucose, raffinose, trehalose ) and polyols (for 
example, glycerol) fall into this category. Simple sugars are widely believe to 
stabilize proteins through steric exclusion mechanisms, but to date, the exact origin 
of the mechanism is still subject to debate because studies conducted by Xie and 
Timasheff [119,147,148] have demonstrated that mechanism is temperature 
dependent. 
3) Destabilizing cosolvents favour a protein transition. These cosolvents are 
believed to preferentially bind to the protein surface, thus favouring the unfolded 
state, which exposes more surface area. 
4) Combined cosolvent systems may stabilize a particular state of a protein under 
some conditions, but destabilize in other conditions, for example, temperature and 
cosolvent concentration. Alpha lactalbumin is a globular, calcium metalloprotein with 
a molecular weight of 14,147for variant A and 14, 175 for B [149,150]. It is a typical 
protein with the presence of molten globule state. This state has been characterized 
by a number of physical methods [151-154]. The state and structure of proteins 
under high pressure is a matter of rapidly growing interest [155-157]. The protein 
has an ellipsoid shape that has two distincts lobes divided by a cleft where one lobe 
is comprised of four helices and other loop is comprised of two p- strands with a 
loop like chain [158,150]. The conformational flexibility of alpha lactalbumin is 
absent in certain solvent condition because of the absence of free thiol groups and 
four disulfide bonds [149]. Alpha lactalbumin has the lowest denaturation 
temperatures of the whey proteins, which varies only slightly when pH is varied. The 
denaturation temperatures are 59°C, 61 °C, and 62°C for pH 3.5, pH 6.5, and pH 
7.5, respectively [159, 160]. 
The ultrasonic velocity in solutions has been provided to be the significant physical 
properties that provide useful informations regarding the nature and the extent of 
intermolecular/inter-ionic interaction occurring in solutions. Different workers have 
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proposed different theories for the calculation of ultrasonic velocity [161-171]. 
Various attempts have been made on the calculation of ultrasonic velocity in pure 
organic liquids [172,173], their binary [174-177], ternary [178-183] and quaternary 
mixtures [184]. The aqueous solutions of electrolytes [185-187] and non electrolytes 
[188,189] have also been studied. Ultrasonic velocity of biological macromolecules 
like amino acids [193] and proteins [194,195] has also been measured 
experimentally. Such data along with the density data have been employed for the 
calculation of the derived parameters like adiabatic compressibility, Ps, 
compressibility lowering, A(3, etc. These data provide information about the physical 
nature of aggregates occurring in solutions [196]. Using the density and the sound 
velocity in protein solutions the partial specific volume and compressibility were 
evaluated. The partial specific volume of protein is a characteristic parameter that 
has been used to elucidate several processes that depend on the protein 
conformation or during which the protein conformation changes. An empirical 
additivity method has been developed by Kharakoz [197] for the calculation of 
partial specific volume and adiabatic compressibility of extended oligo - and 
polypeptides having arbitrary amino acid compositions. Specific partial volume, 
partial compressibility of the human alpha lactalbumin has been measured by 
means of densitometric and ultrasonic techniques [198]. Partial molar volume of 
mono- di- and trisaccharides have also been measured [199]. Since the early 
volumetric studies of small organic compounds by Traube [200], there have been 
numerous investigations [190-201] on the partial specific volume and 
compressibility of amino acids and proteins, since the accurate measurements of 
sound velocity became possible in dilute solutions. An important result obtained 
from such studies was that the globular proteins have positive compressibility 
indicating the great contribution of the internal cavity in the structure of protein. 
Polyolic cosolvents, such as glycerol or sucrose, have been 
shown to influence thermodynamic and dynamic properties of proteins in aqueous 
solutions. In literature there are reports about the effect of cosolvent on the stability 
of proteins [23, 16] due to preferential hydration of the proteins. Therefore in order 
to study the behaviour of protein in cosolvent like amino acid (proline), sugars 
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(fructose and maltose), we have studied the partial specific properties of protein and 
also attempt has been made to calculate the derived parameters such as adiabatic 
compressibility, ps, compressibility lowering, Ap, partial specific volume, v", partial 
specific adiabatic compressibility, J3 s, using the ultrasonic velocity and density of 
the following systems : 
i) alpha lactalbumin - buffer system [pH 7.0], 
ii) L-Proline - buffer system [pH 7.0] with varying concentration of proline 
[0.G63M, 0.125M, 0.250M, 0.375M, 0.500M]. 
iii) L-Proline - alpha lactalbumin - buffer system [pH 7.0] with varying concentration 
of proline [0.063M, 0.125M, 0.250M, 0.375M, 0.500M]. 
iv) Fructose - buffer system [pH 7.0] with varying concentration of fructose 
[0.063M, 0.375M, 0.750M]. 
v) Fructose - alpha lactalbumin - buffer system [pH 7.0] with varying concentration 
of fructose [0.063M, 0.375M, 0.750M]. 
vi) Maltose - buffer system [pH 7.0] with varying concentration of maltose 
[0.063M, 0.375M, 0.750M]. 
vii) Maltose - alpha lactalbumin - buffer system [pH 7.0] with varying concentration 
of maltose [0.063M, 0.375M, 0.750M]. 
^X(FE^I94.<Em:AL 
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MATERIALS AND METHOD: 
Alpha lactalbumin and proline were obtained from Sigma Chemical Company. All 
other chemicals were of analytical reagent grade. Fructose and maltose were 
obtained from Merck Company. Sample preparation, 0.1 molar aqueous solutions of 
both monobasic and di - basic sodium phosphate purchased from E. Merck were 
mixed in different proportions to prepare phosphate buffers of pH 7.0. The pH of 
these solutions was measured by digital pH meter (Elico pvt. Ltd. Hyderabad, model 
T-10). 
The ultrasonic velocities were determined for the following systems: 
1) alpha lactalbumin (2.828 x 10"^  M) - buffer system at pH 7.0. 
2) Proline (0.063M, 0.125M, 0.250M, 0.375M, 0.500M) - buffer system at pH 7.0. 
3) Fructose (0.063M, 0.375M, 0.750M) - buffer system at pH 7.0. 
4) Maltose (0.063M, 0.375M, 0.750M) - buffer system at pH 7.0. 
5) alpha lactalbumin - proline (0.063M, 0.125M , 0.250M , 0.375M, 0.500M) -
buffer system at pH 7.0. 
6) alpha lactalbumin - fructose (0.063M, 0.375M & 0.750M) - buffer system at pH 
7.0. 
7) alpha lactalbumin - maltose (0.063M, 0.375M, 0.750M) - buffer system at pH 
7.0. 
In all the system described above concentration of protein was kept constant, i.e 
2.828 X 10-^  M. 
MEASUREMENT OF ULTRASONIC VELOCITY WORKING 
PRINCIPLE: 
An ultrasonic inter ferometer is a simple and direct device to determine the 
ultrasonic velocity in liquids. In the present work, a multi frequency ultra sonic 
interferometer (Mittal's model F-81) was used to determine the ultrasonic velocity in 
the test solutions. We have performed our work by setting the frequency on 2 MHz. 
i >5 Ace ' No. '. I..',. . ) x ; 
Its principle of working is based on the acOTtaXejiSea^yf^ment of wave length, A, in 
the medium. The ultrasonic waves of known frequency, u, are produced by a quartz 
crystal fixed at the bottom of the cell and are reflected by a movable metallic plate 
kept parallel to the quartz crystal. If the separation between these two plates is 
exactly a whole multiple of the sound wave length, standing waves are formed in 
the medium. This acoustic resonance give rise to an electrical reaction on the 
generator driving the quartz crystal and the anode current of the generator becomes 
maximum. 
If the distance is now increased or decreased and the variation is exactly 
one-half wave length {KJ2) or multiple of it, the anode current becomes maximum. 
Knowing the value of wave length, the ultrasonic velocity can'be obtained from the 
equation: 
u = Ax u 
DESCRIPTION: 
The ultrasonic interferometer consists of two parts, 
(A) HIGH FREQUENCY GENERATOR: 
It is designed to excite the quartz crystal at the bottom of the measuring cell at 
its resonant frequency to generate ultrasonic waves in the experimental liquid filled 
in the measuring cell. A micrometer to observe the change in current and two 
controls for the purpose of sensitivity regulation and initial adjustment of micrometer 
is provided on the panel of the high frequency generator. 
(B) MEASURING CELL: 
It is a special designed double walled cell for maintaining a constant 
temperature of the liquid during experiment. A fine micrometer screw has been 
provided at the top, which can lower or raise the reflector plate in the liquid (in the 
cell) through a known distance. It has quartz crystal fixed at the bottom. 
ADJUSTMENT OF ULTRASONIC INTERFEROMETER: 
The instrument was adjusted in the following manner: 
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(1) The cell was inserted in tlie square based socket and clamped to it with the help 
of a screw provided on one of its side. 
(2) The curled caps of the cell was unscrewed and removed from the cell, then the 
experimental liquid was filled in to the middle portion of it and curled cap screwed it 
on. 
(3) Water was circulated through the two tubes in the double walled cell in order to 
maintain the desired temperature. 
(4) The cell was connected with a high frequency generator by a co - axial cable 
provided with the instrument. 
(5) The generator was given few minutes warming up time before recording 
readings. 
(6) The sudden rise or fall in the temperature of circulated liquid was avoided to 
prevent thermal shock to the quartz crystal. 
For the initial adjustment, two knobs are provided on high frequency 
generator, one is marked with 'Adj' and other with 'Gain'. With knob marked 'Adj' the 
position of needle on the ammeter was adjusted and the knob marked 'Gain' was 
used to increase the sensitivity of instrument for greater deflection. The ammeter 
was used to record the maximum deflections by adjusting the micrometer. 
MEASUREMENTS: 
The measuring cell was connected to the output terminal of high frequency 
generator through a coaxial cable. The cell was filled with the experimental liquid 
before switching on the generator. The ultrasonic waves of 2MHz frequency 
produced by a gold plated quartz crystal fixed at the bottom of a cell are passed 
through the medium and are reflected by a movable plate and the standing waves 
are formed in the liquid in between the reflector plate and the quartz crystal. 
Acoustic resonance due to these standing waves give rise to. an electrical reaction 
to the generator driving the quartz plate and the anode current of the generator 
become maximum. The micrometer screwed was raised slowly to record the 
maximum anode current. The wavelength was determined with the help of total 
distance moved by the micrometer for twenty maxima of anode current. The total 
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distance d, traveled by the micrometer gives the value of wave length with the help 
of the relation, d = n x A/2, where n, is the number of maxima in anode current. 
Once, the wavelength is known, the ultrasonic velocity can be calculated as 
described earlier. The accuracy in ultrasonic velocity measurement was found to be 
within ± 0.09%. 
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THEORY: 
Adiabatic compressibility, Ps, has been calculated using the Laplace 
equation: 
(3s = u V 2.1 
Where U is the ultrasonic velocity and p is the density of the solution. The 
compressibility lowering, Ap, is calculated from the difference between the 
compressibilities of the solvent, p° and the solution ps. Thus 
Ap = p° - Ps 2.2 
Relative change in compressibility is given by 
pr= Ap/p° 2.3 
The partial specific adiabatic compressibility of alpha lactalbumin, Ps, 
was calculated with the equation given by Shiio [202], 
Ps= -(1 1^') {dV' IdP) 2.4 
Ps= (P°/ i^) lim [(p/p°-Vo)/c] 2.5 
(c-0) 
where, Vo = (p -c) / p° 2.6 
V'= lim [(1-Vo)/c] 2.7 
(c-0) 
where P is the pressure, c is the concentration of solute in moles per liter of the 
solution, Vo is the apparent volume fraction of the solvent in solution and v" is the 
partial specific volume of the protein. 
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RESULT AND DISCUSSION: 
The measured values of density and ultrasonic velocities are listed in Table 
[2.1 (a-g) & 2.2 (a-g)]. Density of the solution increases with the increase in 
concentration and decreases with temperature. To, study the stabilization effect of 
different cosolvents like proline, fructose and maltose on alpha lactalbumin with 
varying concentrations of individual cosolvent, the ultrasonic velocity for different 
systems are plotted against concentration of cosolvents (proline, fructose and 
maltose) at various temperatures [Figure 2.1 ( b-g)]. As the concentration of alpha 
lactalbumin is constant we have plotted it against the temperature only [Figure 2.1 
(a)]. The plots show the increase in the value of ultrasonic velocity with the 
corresponding increase in temperature as well as the concentration of 
proline/fructose/maltose in their respective systems. This increase may be attributed 
to an increase in the intermolecular interactions with the increase in temperature 
and concentration. 
The adiabatic compressibility [Table 2.3 (a-g)], obtained from the 
measurements of the sound velocity, is determined primarily by intermolecular and 
inter-ionic interactions. As seen from the plots [Figure 2.2 (a-g)], the compressibility 
decreases from buffer to the solutions and it is found to decrease with the increase 
in concentration of the solutes as well as the temperature [203-205]. As the 
concentration of the solution increases, there is a corresponding increase in the 
number of incompressible solute molecules, which causes a decrease in the 
compressibility of the solution. The decrease in compressibility values with 
increasing temperature may be caused due to the rupturing.of solvent molecules 
[206] leading to a greater attraction among the molecules of the solution. The 
increase in temperature also causes the change in the solvation of molecules, 
which affects the compressibility values. 
In case of proline-alphaiactalbumin-buffer system [Table 2.3 (c) and Figure 
2.2 (c)], the compressibility decreases as the concentration of proline increases due 
to increase in compressibility of solute molecules. As we know that amino acid exist 
as zwitter ions, therefore it make bonds with the surroundings and also the bonding 
get enhanced as the concentration of proline increases due to increase interaction 
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TABLE 2.1(a) Experimental values of density (Kgm'^ ) as functions of temperature 
and concentration for aiphaHactaibumin - buffer at pH 7.0. 
Temp. (K) ^ ^ 
/^uonc.of 
/ ^ Protein 
y ^ 1 x10^ 
^ mol/L 
0.000 2.828 
303. 15 995.3 997. 1 
308. 15 993.2 995.0 
313. lB 991.2 992.9 
318. 15 989. 1 990.8 
323. 15 987. 1 988.7 
328. 15 985.0 986.6 
333. 15 983.0 984.5 
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TABLE 2.1(b) Experimental values of density (Kgm'^ ) as functions of temperature 
and concentration for L - proline - buffer system at pH 7.0. 
Temp. (K) y ^ 
/ ^Conc. 0.063 0.125 0.250 0.375 0.500 
/ ^ of 
y ^ proline 
/ (mol/L) 
303. 15 1006.7 1008.3 1013.1 1017.2 1020.5 
308. 15 1004.7 1006.3 1010.6 1014.7 1018.0 
313. 15 1002.4 1004.3 1008.1 1012.2 1015.5 
318. 15 1000.3 1002.3 1005.6 1009.7 1013.0 
323. 15 998.1 1000.3 1003.1 1007.2 1010.5 
328. 15 996.0 998.3 1000.6 1004.7 1008.0 
333. 15 993.8 996.3 998.1 1002.2 1005.5 
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TABLE 2.1(c). Experimental values of density (Kgm"^ ) as functions of temperature 
and concentration for L - proline - alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ , ^^onc . of 
^ ^ proline 
^ ^ (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 1008.4 1012.2 1014.3 1018.2 1017.0 
308. 15 1006.4 1009. 7 1012.3 1016.2 1014. 5 
313. 15 1004.4 1007. 2 1010.3 1014.2 1012.0 
318. 15 1002.4 1004. 7 1008.3 1012.2 1009. 5 
323. 15 1000. 4 1002. 2 1006. 3 1010.2 1007. 0 
328. 15 998.4 999.7 1004. 3 1008.2 1004. 5 
333. 15 996.4 997.2 1002. 3 1006. 2 1002. 0 
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TABLE 2.1(d) Experimental values of density (Kgm"^ ) as functions of temperature 
and concentration for fructose - buffer system at pH 7.0. 
Temp. (K) ^ ^ ^ 
^-^Zouz. of 
^ . ^ Fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 998.2 1020.0 1035. 1 
308. 15 995.8 1017.5 1032. 7 
313. 15 993.3 1015.2 1030. 3 
318. 15 990.8 1012.8 1028. 0 
323. 15 988.3 1010.4 1025. 6 
328. 15 985.8 1008. 0 1023.2 
333. 15 983.4 1005.6 1020. 8 
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TABLE 2.1(e) Experimental values of density (Kgm'^ ) as functions of temperature 
and concentration for fructose - alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ ^ fructose 
^ / ^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 999.9 1023. 1 1037. 3 
308. 15 997.6 1020.7 1034.9 
313.15 995.3 1018.4 1032.4 
318. 15 993.0 1016.0 1030.0 
323. 15 990.7 1013.7 1027. 5 
328. 15 988.4 1011.4 1025. 1 
333. 15 986. 1 1009.0 1022.6 
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TABLE 2.1(f) Experimental values of density (Kgm'^ ) as functions of temperature 
and concentration for maltose - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^.^--'Llonc. of 
^ ^ Maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 1008. 9 1041.4 1085. 1 
308. 15 1006. 5 1038. 8 1082.4 
313. 15 1004.2 1036.2 1079. 7 
318. 15 1001.9 1033. 7 1077.0 
323. 15 999.5 1031. 1 1074.3 
328. 15 997.2 1028.5 1071.6 
333. 15 994.8 1026. 0 1068. 9 
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TABLE 2.1(g) Experimental values of density (Kgm'^ ) as functions of temperature 
and concentration for maltose - alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^^.--^onc. of 
^--^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 1031.8 1043. 5 1151.9 
308. 15 1029.4 1041.0 1149.3 
313. 15 1027. 0 1038.6 1146.7 
318.15 1024.6 1036.2 1144. 1 
323. 15 1022.2 1033. 8 1141.5 
328. 15 1019.8 1031.4 1138.9 
333. 15 1017.4 1029. 1 1136.3 
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TABLE 2.2(a) Experimental values of ultrasonic velocities, (U m/s), as functions of 
temperature and concentration for aipha-lactalbumin - buffer at pH 7.0. 
Temp. (K) / ^ 
^ / C o n c . of 
/ ^ Protein 
/ ^ 1 x10^ 
/ / mol/L 
0.000 2.828 
303. 15 1529. 0 1529. 1 
308. 15 1538.4 1538.2 
313. 15 1543.8 1542.0 
318. 15 1554.0 1554. 4 
323. 15 1558.4 1566.2 
328. 15 1561.9 1563.8 
333. 15 1566.5 1566. 6 
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TABLE 2.2(b) Experimental values of Ultrasonic velocities, (U, m/s) as functions of 
temperature and concentration for L - proline - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ / ^ o n c . of 0.063 0.125 0.250 0.375 0.500 
^ ^ proline 
^ , ^ (mol/L) 
303. 15 1532. 9 1540. 5 1541.7 1548. 1 1561.0 
308. 15 1540. 7 1545. 7 1551.4 1554.7 1567. 5 
313. 15 1544. 7 1552. 1 1556.9 1562.4 1572. 3 
318. 15 1555.6 1559. 3 1573.8 1566.2 1579. 5 
323. 15 1560. 3 1562. 5 1576. 3 1575.6 1585. 1 
328. 15 1567. 7 1569. 3 1576.7 1581.4 1589.6 
333. 15 1572. 7 1571. 1 1579.6 1583.4 1591.0 
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TABLE 2.2(c) Experimental values of Ultrasonic velocities, (U, m/s) as functions of 
temperature and concentration for L-proline - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
y ^ Of 
y^ proline 
X (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 1526.7 1534. 9 1546. 6 1556. 1 1565.9 
308. 15 1544.0 1548. 0 1553. 7 1561.0 1571.4 
313. 15 1554.4 1554.6 1558.8 1568. 7 1576. 8 
318. 15 1559.9 1562. 2 1567.8 . 1574. 7 1580. 9 
323. 15 1562.7 1565.5 1575. 9 1578. 8 1586. 7 
328. 15 1568.6 1570. 2 1578.4 1583. 9 1590. 7 
333. 15 1573.9 1572.5 1581. 1 1584. 1 1592.4 
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TABLE 2.2(d) Experimental values of Ultrasonic velocity, (U, m/s) as functions of 
temperature and concentration for fructose - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ / ^ o n c . of 
^ ^ fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 1529. 1 1542.3 1572. 2 
308.15 1540. 8 1553.6 1576. 8 
313. 15 1545. 0 1559. 7 1584. 8 
318.15 1549.9 1565.4 1585.0 
323. 15 1559. 7 1571.5 1591.0 
328. 15 1562. 1 1576.0 1596. 2 
333. 15 1566.2 1577. 9 1598. 1 
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TABLE 2.2(e) Experimental values of Ultrasonic velocity, (U, m/s) as functions of 
temperature and concentration for fructose-alpha-lactalbumin - buffer system at pH 
7.0. 
Temp. (K) ^ - ^ 
^-^Q,ov\z. of 
^ ^ fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303.15 1530.3 1544.7 1573.0 
308. 15 1541.0 1556. 8 1580.5 
313. 15 1546. 0 1563.9 1587.8 
318.15 1556. 6 1575. 0 1594.8 
323. 15 1560.0 1577. 1 1596. 7 
328. 15 1564. 5 1578.2 1597. 7 
333.15 1569.6 1581.6 1599.2 
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TABLE 2.2(f) Experimental values of Ultrasonic velocity, (U, m/s) as functions of 
temperature and concentration for maltose - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ / ^L^onc . of 
^ ^ ^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 1535.0 1559. 7 1588.6 
308.15 1541.0 1568.2 1595. 2 
313.15 1548.6 1575.9 1602. 7 
318. 15 1553. 8 1583. 0 1607.6 
323. 15 1558. 8 1586.4 1608. 1 
328. 15 1561.5 1589.2 1616.9 
333. 15 1565.0 1590.4 1618.0 
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TABLE 2.2(g) Experimental values of Ultrasonic velocity, (U, m/s) as functions of 
temperature and concentration for maltose - alpha-lactalbumin - buffer system at pH 
7.0. 
Temp. (K) ^ ^ 
^^--' 'uonc. of 
^ ^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 1536. 9 1559.8 1590.4 
308. 15 1542. 5 1568.4 1597.3 
313. 15 1554.0 1576. 0 1603. 9 
318. 15 1556. 7 1585.0 1608. 5 
323. 15 1564.4 1588.2 1609. 2 
328. 15 1564. 9 1589.4 1617.8 
333. 15 1570. 1 1590.5 1619.5 
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TABLE 2.3(a) Adiabatic compressibility (ps x 10^°, m^ N"'') as functions of 
temperature and concentration for alpha-lactalbumin - buffer at pH 7.0. 
Temp. (K) ^ ^ 
/ ^ o n c . of 
^-^ Protein 
/ ^ 1 x10^ 
^ mol/L 
0.000 2.828 
303. 15 4.2974 4.2894 
308. 15 4. 2543 4. 2474 
313. 15 4.2331 4.2357 
318. 15 4. 1866 4. 1772 
323. 15 4.1714 4. 1230 
328. 15 4.1613 4. 1447 
333. 15 4.1456 4. 1385 
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TABLE 2.3(b) Adiabatic compressibility ((3s x 10^°, m^ N'^ ) as functions of 
temperature and concentration for L - proline - buffer system at pH 7.0. 
Temp. (K) y ^ 
^^Conc. 
y ^ of 
y^ proline 
X (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 4. 2294 4. 1791 4. 1530 4. 1020 4. 0214 
308. 15 4. 1930 4. 1593 4.1112 4. 0773 3. 9979 
313. 15 4. 1809 4. 1333 4. 0926 4.0471 3. 9833 
318. 15 4. 1312 4. 1034 4. 0149 4.0375 3. 9569 
323. 15 4. 1156 4. 0948 4.0121 3. 9994 3. 9387 
328. 15 4. 0850 4. 0675 4. 0200 3. 9800 3. 9261 
333. 15 4.0683 4. 0663 4. 0156 3. 9798 3. 9289 
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TABLE 2.3(c) Adiabatic compressibility (Ps x 10^°, m^ N'^ ) as functions of 
temperature and concentration for L - proline - alpha-lactalbumin - buffer system at 
pH7.0. 
Temp. (K) ^ - ^ 
^^Zowz. of 
^ ^ proline 
^ ^ (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 4. 2545 4. 1931 4. 1217 4. 0558 4. 0099 
308. 15 4. 1681 4. 1330 4. 0921 4.0384 3.9918 
313. 15 4. 1207 4. 1081 4. 0737 4. 0067 3. 9743 
318. 15 4. 0996 4. 0784 4. 0346 3. 9841 3. 9632 
323. 15 4. 0934 4.0711 4.0014 3.9715 3. 9445 
328. 15 4. 0707 4. 0573 3. 9969 3. 9535 3. 9342 
333. 15 4. 0516 4. 0556 3. 9909 3. 9604 3. 9357 
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TABLE 2.3(d) Adiabatic compressibility (ps x 10^°, m^ N"'') as functions of 
temperature and concentration for fructose - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^^Q.Kir\Z. of 
^ ^ fructose 
^ / ^ (mol/L) 
0.063 0.375 0.750 
303. 15 4. 2847 4.1216 3. 9084 
308. 15 4. 2299 4.0718 3. 8947 
313. 15 4.2176 4. 0490 3. 8644 
318. 15 4.2012 4.0293 3. 8721 
323. 15 4. 1594 4. 0075 3.8519 
328. 15 4. 1571 3. 9942 3. 8359 
333. 15 4. 1455 3. 9941 3. 8358 
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TABLE 2.3(e) Adiabatic compressibility (ps x 10^°, m^ N'^ ) as functions of 
temperature and concentration for fructose - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^^Q,ox\Q.. of 
^ ^ fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 4. 2706 4.0963 3. 8962 
308. 15 4.2212 4. 0424 3. 8682 
313. 15 4. 2034 4.0148 3. 8420 
318. 15 4. 1562 3. 9677 3.8172 
323. 15 4. 1477 3. 9662 3.8174 
328. 15 4. 1336 3. 9696 3. 8216 
333.15 4. 1162 3. 9620 3. 8237 
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TABLE 2.3(f) Adiabatic compressibility (ps x 10^°, m^ N"^ ) as functions of 
temperature and concentration for maltose - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
.^-^ ^^ C^onc. of 
^ ^ maltose 
^ , ^ (mol/L) 
0.063 0.375 0.750 
303. 15 4.2066 3. 9473 3.6517 
308. 15 4. 1839 3. 9144 3. 6306 
313. 15 4. 1524 3. 8860 3. 6057 
318. 15 4. 1341 3. 8605 3. 5928 
323. 15 4. 1175 3. 8537 3. 5995 
328. 15 4. 1128 3. 8498 3. 5694 
333. 15 4. 1043 3. 8534 3. 5736 
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TABLE 2.3(g) Adiabatic compressibility (ps x 10^°, m^ N'^ ) as functions of 
temperature and concentration for maltose - alpha-lactalbumin - buffer system at pH 
7.0. 
Temp. (K) ^ ^ 
^ . . / "uonc . of 
^ ^ ^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 4. 1028 3. 9386 3. 4322 
308. 15 4. 0828 3. 9051 3.4102 
313.15 4.0318 3. 8765 3. 3900 
318. 15 4. 0276 3. 8415 3. 3783 
323. 15 3. 9971 3. 8347 3. 3832 
328. 15 4. 0037 3. 8380 3. 3548 
333. 15 3. 9870 3.8413 3. 3554 
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among the proline molecules, this in turn decreases the compressibility of solutions. 
As compared to three systems i.e alpha-lactalbumin-proline, alpha lactalbumin-
fructose, alpha-lactalbumin-maltose - buffer system[Table 2.3 (c), (e), & (g)], the 
decrease in compressibility was observed more in case of sugars (fructose and 
maltose). This great reduction is due to the increasing interactions (hydrophobic, 
electrostatic and hydrogen bonding) in the protein molecules in presence of sugars. 
The increase in hydrophobic interactions results in the more compact structure of 
the stabilized protein ultimately reducing the adiabatic compressibility of solution. 
But by comparing alpha-lactalbumin-fructose-buffer system and alpha-lactalbumin-
maltose-buffer system [figure 2.2 (e) & (g)], decrease in compressibility was 
observed more in case of maltose. 
Lowering in compressibility as such gives no systematic pattern with 
concentration and temperature [Table 2.4 (a), (b), (c), & (d)]. But by comparing the 
alpha-lactalbumin-buffer system [Table 2.4(a)] and alpha-lactalbumin- proline/sugar 
(fructose and maltose) [Table 2.4 (b), (c) & (d)], lowering in compressibility was 
observed more in case of proline/sugar-alpha lactalbumin-buffer system. This may 
be due to presence of cosolvent (proline, fructose, & maltose). Lowering in 
compressibility was observed more in case of maltose-alpha-lactalbumin-buffer 
system at 0.750M of maltose [Table 2.4(d)]. This lowering in compressibility instead 
of Increase in compressibility of protein is due to more hydration in comparision of 
cavity effect in protein-buffer solution as reported earlier. The study of lowering in 
compressibility of protein versus concentration of cosolvent showed different 
behaviour on addition of proline/fructose/maltose in alpha-lactalbumin-buffer-
solution. The lowering in compressibility as such gives no pattern but finally 
increases with increasing concentration of cosolvents, this is best observed in case 
of fructose and maltose [Table 2.4 (c) & (d)]. With increasing concentration (from 
0.063 to 0.750M) of maltose and fructose increase in lowering in compressibility 
was observed.The lowering in compressibility increases more at 0.375M in the case 
of fructose [Table 2.4(c)], While lowering in compressibility was observed more at 
0.750M of maltose in maltose-protein system [Table 2.4(d)]. This also reflects the 
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TABLE 2.4(a) Lowering in adiabatic compressibility (Ap x 10^°, m^ N"'') as functions 
of temperature and concentration for aipha-lactalbumin - buffer at pH 7.0. 
Temp. (K) ^ ^ 
/ ^ o n c . of 
^y^ Protein 
/ ^ 1 x10^ 
^ mol/L 
2.828 
303. 15 0. 0080 
308. 15 0. 0069 
313. 15 -0. 0026 
318. 15 0. 0094 
323. 15 0. 0484 
328. 15 0.0166 
333. 15 0. 0071 
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TABLE 2.4(b) Lowering in adiabatic compressibility (Ap x 10^°, m^ N"^ ) as functions 
of temperature and concentration for L - proline - alpha-lactalbumin - buffer system 
atpH7.0. 
Temp. (K) ^ ^ 
^^Q,Q)WQ.. o f 
^ ^ proline 
^ ^ (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 -0. 0251 -0. 0140 0.0313 0. 0462 0.0115 
308. 15 0. 0249 0. 0263 0.0191 0. 0389 0. 0061 
313. 15 0. 0602 0. 0252 0.0189 0. 0404 0. 0090 
318. 15 0. 0316 0. 0250 -0. 0197 0. 0534 -0. 0063 
323. 15 0. 0222 0. 0237 0.0107 0. 0279 -0. 0058 
328. 15 0. 0143 0.0102 0. 0231 0. 0265 -0. 0081 
333. 15 0.0167 0.0107 0. 0247 0.0194 -0. 0068 
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TABLE 2.4(c) Lowering in adiabatic compressibility (Ap x 10^°, m^ N'') as functions 
of temperature and concentration for fructose - alpha-lactalbumin-buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^-^Cov^z. of 
^ ^ fructose 
^ ^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0.0141 0. 0253 0. 0122 
308. 15 0. 0087 0. 0294 0. 0265 
313. 15 0. 0142 0. 0342 0. 0224 
318.15 0. 0450 0.0616 0. 0549 
323. 15 0.0117 0.0413 0. 0345 
328. 15 0. 0235 0. 0246 0. 0143 
333. 15 0. 0293 0. 0321 0.0121 
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TABLE 2.4(d) Lowering in adiabatic compressibility (AP x 10^°, m^ N"^ ) as functions 
of temperature and concentration for maltose - alpha-lactalbumin-buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^^Q,ox\z. of 
^ ^ Maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0. 1038 0. 0087 0.2195 
308. 15 0. 1011 0. 0093 0. 2204 
313. 15 0. 1206 0. 0095 0.2157 
318.15 0. 1065 0.0190 0. 2145 
323. 15 0. 1204 0.0190 0.2163 
328. 15 0. 1091 0.0118 0. 2146 
333. 15 0. 1173 0.0121 0.2182 
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existence of molten globule state, but lowering in compressibility was observed 
more in case of maltose. Thus, reflecting the highest stabilizing effect in case of 
maltose, as reported earlier for the stabilization effect of maltose on ovalbumin 
buffer system [207]. 
The values of relative lowering in compressibility are listed in Table 2.5[(a-d)]. 
The plots of relative lowering of compressibility versus concentration of cosolvent 
showed an irregular pattern in case of proline with the iactalbumin- buffer system 
[Fig. 2.3(b)], while with fructose [Figure 2.3(c)] shows a maxima in the curve at each 
temperature on 0.375M of fructose, and with maltose [Figure 2.3(d)] reflects a 
minima in the curve at each temperature on the same concentration (i.e at 0.375M). 
The minima in the curve indicate dominance of protein dynamics in comparison of 
other factors (denaturation of protein), while on the other hand, a maxima of the 
curve indicate the dramatic inhibition of protein dynamics.For alpha lactalbumin-
buffer system, [Figure 2.3(a)] as the concentration of alpha Iactalbumin is constant 
we have plotted it against temperature only, and it was observed that as the 
temperature increases relative lowering first decreases than abrupt increase 
observed, again decrease takes place. 
It may be concluded that the relative lowering of compressibility of protein 
in present case is more dependent on the nature of stabilizer than the nature of 
protein itself. While previous literature says overall protein stability should depend 
on fine balance between favourable and unfavourable interactions of the native and 
denatured protein states with the cosolvent molecules [217]. 
The partial specific volume of protein, v", was determined by linear 
extrapolation of the apparent specific volume, (1-Vo / c) to zero concentration of 
cosolvents (proline, fructose, & maltose). The apparent volume fraction of alpha 
Iactalbumin, Vo, the apparent specific volume, 1- Vo / c and v", the partial specific 
volume of alpha Iactalbumin, are recorded in tables 2.6 (a-d), 2.7(a-d),& 2.8 (a-c), 
respectively. 
The values of partial specific volume, v", for alpha 
Iactalbumin - buffer with different cosolvent (proline, fructose, & maltose) are listed 
in Table 2.8 [(a), (b), & (c)] and the irregular trends were found with temperature. In 
101 
TABLE 2.5(a) Relative lowering in compressibility (pr ^ 10 )^ as functions of 
temperature for alpha-lactalbumin - buffer at pH 7.0. 
Temp. (K) ^ ^ 
^ ^ o n c . of 
^ ^ Protein 
/ ^ 1 x10^ 
X mol/L 
2.828 
303. 15 1.8616 
308. 15 1.6219 
313.15 -0.6142 
318. 15 2.2452 
323. 15 11. 6028 
328. 15 3. 9891 
333. 15 1.7126 
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TABLE 2.5(b) Relative lowering in adiabatic compressibility (Pr x 10 )^ as functions 
of temperature and concentration for L - proline - alpha-lactalbumin - buffer system 
at pH 7.0. 
Temp. (K) ^ ^ 
^^Q,OT\z. of 
^ ^ proline 
^ ^ (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 -5. 9346 -3.3500 7. 5367 11.2628 2. 8597 
308. 15 5. 9385 6. 3232 4. 6458 9.5406 1.5258 
313. 15 14. 3988 6. 0968 4.6181 9. 9824 2. 2594 
318. 15 7. 6491 6. 0925 -4. 9067 13.2260 -1.5921 
323. 15 5. 3941 5. 7878 2. 6669 6.9760 -1.4726 
328. 15 3. 5006 2. 5077 5. 7463 6. 6583 -2. 0631 
333. 15 4. 1049 2.6314 6. 1510 4. 8746 -1. 7308 
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TABLE 2.5(c) Relative lowering in compressibility (pr ^ 10 )^ as functions of 
temperature and concentration for fructose - alpha-iactaibumin - buffer system at 
pH7.0. 
Temp. (K) ^ ^ 
^^Q,OX\Q.. of 
^ ^ fructose 
^ , ^ (mol/L) 
0.063 0.375 0.750 
303. 15 3. 2908 6. 1384 3. 1215 
308. 15 2. 0568 7. 2204 6. 8041 
313. 15 3. 3668 8. 4465 5. 7965 
318. 15 10.7112 15.2880 14. 1783 
323. 15 2.8129 10.3057 8. 9566 
328. 15 5. 6530 6, 1589 3. 7279 
333. 15 7. 0679 8. 0368 3. 1545 
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TABLE 2.5(ci) Relative lowering in compressibility (jSr x 10 )^ as functions of 
temperature and concentration for maltose - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^^^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 24.6755 2. 2040 60. 1089 
308. 15 24.1640 2. 3758 60.7062 
313. 15 29. 0434 2. 4447 59.8219 
318. 15 25.7613 4.9216 59. 7027 
323. 15 29.2410 4. 9303 60.0917 
328. 15 26.5269 3.0651 60. 1221 
333. 15 28. 5798 3. 1401 61.0589 
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TABLE 2.6(a) Apparent volume fraction, Vo of the solvent as functions of 
tennperature for alpha-lactalbumin - buffer at pH 7.0. 
Temp. (K) ^ ^ 
^ ^ o n c . of 
^-^ Protein 
/ ^ 1 x10^ 
/ - ^ mol/L 
2.828 
303. 15 1.0018 
308. 15 1.0018 
313. 15 1.0017 
318. 15 1.0017 
323. 15 1.0016 
328. 15 1.0016 
333. 15 1.0015 
TABLE 2.6(b) Apparent volume fraction, Vo of the solvent as functions of 
temperature and concentration for L - proline - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^^Q.OX\Q,. of 
^ ^ proline 
^ ^ (mol/L) 
0.063 0.125 0.250 0.375 0.500 
303. 15 0. 9387 0. 8789 0.7512 0. 6260 0. 4966 
308. 15 0. 9387 0. 8784 0.7517 0. 6270 0. 4966 
313. 15 0. 9390 0. 8779 0. 7522 0. 6270 0. 4965 
318. 15 0. 9391 0. 8774 0. 7527 0. 6275 0. 4965 
323. 15 0. 9393 0. 8769 0. 7532 0. 6280 0. 4965 
328. 15 0. 9394 0. 8764 0. 7537 0. 6285 0. 4965 
333. 15 0. 9396 0. 8759 0. 7542 0. 6290 0. 4965 
I l l 
TABLE 2.6(c) Apparent volume fraction, Vo, of the solvent as functions of 
temperature and concentration for fructose - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ ^ 
^'-^ fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0. 9387 0. 6280 0. 2521 
308. 15 0. 9388 0. 6281 0. 2521 
313. 15 0. 9390 0. 6281 0. 2520 
318. 15 0. 9392 0. 6281 0.2519 
323. 15 0. 9394 0. 6283 0.2518 
328. 15 0. 9396 0. 6284 0.2518 
333. 15 0. 9397 0. 6284 0.2518 
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TABLE 2.6(d) Apparent volume fraction, Vo, of the solvent as functions of 
temperature and concentration for maltose - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^ . ^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0. 9597 0. 6270 0.3116 
308. 15 0. 9597 0. 6271 0.3118 
313. 15 0. 9597 0. 6273 0. 3120 
318. 15 0. 9596 0. 6274 0.3123 
323. 15 0. 9597 0. 6276 0. 3125 
328. 15 0. 9597 0. 6278 0.3128 
333. 15 0. 9597 0. 6280 0.3130 
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TABLE 2.7(a) Apparent specific volume, (1-Vo)/c (mol/L), as functions of 
temperature and concentration for the alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) y ^ 
/Xonc. 
y/ Protein 
X 1x10^ 
X mol /L 
2.828 
303. 15 -6364.92 
308. 15 -6364.92 
313. 15 -6011.31 
318. 15 -6011.31 
323. 15 -5657.70 
328. 15 -5657.70 
333. 15 -5304.10 
14 
TABLE 2.7(b) Apparent specific volume, (1-Vo/c) (mol/L), as functions of 
temperature and concentration for L - proline - alphaHactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^ ^ ^ C o n c . of 0.063 0.125 0.250 0.375 0.500 
^ ^ proline 
^ ^ (mol/L) 
303. 15 0. 9730 0. 9688 0. 9952 0. 9973 1. 0068 
308. 15 0. 9730 0. 9728 0. 9932 0. 9960 1.0068 
313. 15 0. 9682 0. 9768 0.9912 0. 9947 1.0070 
318. 15 0. 9666 0. 9808 0. 9892 0. 9933 1.0070 
323. 15 0. 9635 0. 9848 0. 9872 0. 9920 1.0070 
328. 15 0.9619 0. 9888 0. 9852 0. 9907 1.0070 
333. 15 0. 9587 0. 9928 0. 9832 0. 9893 1.0070 
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TABLE 2.7(c) Apparent specific volume, (1- Vo)/c (mol/L), as functions of 
temperature and concentration for fructose - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^^^.-^Llonc. of 
^ ^ ^ fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0. 9730 0. 9920 0. 9972 
308. 15 0. 9714 0.9917 0. 9972 
313. 15 0. 9682 0.9917 0. 9973 
318. 15 0. 9651 0.9917 0. 9975 
323. 15 0. 9619 0.9912 0. 9976 
328. 15 0. 9587 0. 9909 0. 9976 
333. 15 0. 9571 0. 9909 0. 9976 
TABLE 2.7(d) Apparent specific volume, (1- Vo)/c (mol/L), as functions of 
temperature and concentration for maltose - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temp. (K) ^ ^ 
^,^^'uonc. of 
^ ^ maltose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0. 6397 0. 9947 0.9179 
308. 15 0. 6397 0. 9944 0.9176 
313. 15 0. 6397 0. 9939 0.9173 
318.15 0.6413 0. 9936 0. 9169 
323. 15 0. 6397 0. 9931 0. 9167 
328. 15 0. 6397 0. 9925 0.9163 
333. 15 0. 6397 0. 9920 0.9160 
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TABLE 2.8 (a) Partial specific volume, v" (mol/L), as functions of temperature for L-
proline- alpha-lactalbumin-buffer system at pH 7.0. 
Temperature ( K) pH 7.0 
303.15 0. 97431 
308.15 0. 9754 
313.15 0. 9742 
318.15 0. 9745 
323.15 0. 9741 
328.15 0. 9743 
333.15 0. 9740 
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TABLE 2.8(b) Partial specific volume, v" (mol/L), as functions of temperature for 
fructose- alpha-lactalbumin-buffer system at pH 7.0. 
Temperature ( K) pH 7.0 
303.15 0. 9737 
308.15 0. 9722 
313.15 0. 9693 
318.15 0. 9665 
323.15 0. 9634 
328.15 0. 9605 
333.15 0. 9591 
19 
TABLE 2.8(c) Partial specific volume, v" (mol/L), as functions of temperature for 
maltose- alpha-lactalbumin-buffer system at pH 7.0. 
Temperature ( K) pH 7.0 
303.15 0. 6984 
308.15 0. 6984 
313.15 0.6983 
318.15 0. 6997 
323.15 0. 6982 
328.15 0. 6980 
333.15 0. 6979 
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alpha-lactalbumin -proline- buffer system [Table 2.8(a)], slight increase in partial 
specific volume was observed with the increase in temperature at 308.15K, after 
then decrease takes place and no regular trend was observed. In alpha lactalbumin-
fructose-buffer system [Table 2.8(b)] decrease was observed with the 
corresponding increase in temperature, While in alpha-lactalbumin-maltose-buffer 
system[Table 2.8(c)] increase was observed only at 318.15K, after then again 
decrease in values was reported. By comparing the values of partial specific volume 
of alpha lactalbumin in presence of all three cosolvents, the decrease in partial 
specific volume was observed more in the presence of maltose [Figure 2.4]. 
The adiabatic compressibility, ps, was determined by the linear 
extrapolation of (P / p° -Vo / c) to zero cosolvent concentration. The p s values thus 
obtained are listed in tables 2.9 (a-d). 
The partial specific volume of a protein in solution consists of three factors [208], 
(i) The constitutive atomic volume (Vc), 
(ii)The volume of the cavities formed due to imperfect packing of atoms or groups 
(Vcav), and 
(iii) The volume change due to solvation (AVsoin.) 
V" = Vc + Vcav + AVsoln. 2.8 
Here, the constitutive atomic volume is considered to be highly incompressible. Vcav 
involves: 
(1) The incompressible voids formed by the closest packing of atoms or groups and 
(ii) The compressible voids formed by the random close packing of atoms. AVsoin-
Consists of three contributing effect: 
(a) Electrostatic solvation of ionic groups 
(b) Hydrogen bonded hydration of polar groups and 
(c) Hydrophobic hydration of non polar or hydrophobic groups. Each of them 
contributes negatively to AVsoin.[209]. Therefore, AVsoin also contributes negatively to 
v" but the term Vcav contributes positively and both terms have been known to tend 
to cancel almost completely. This makes it possible to calculate the partial specific 
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TABLE 2.9(a) (p / p° - Vo)/c as functions of temperature for alpha- lactalbumin 
buffer at pH 7.0. 
Temp. (K) ^ y ^ 
^ ^ o n c . of 
^-^ Protein 
^ / 1 xio^ 
^ mol/L 
2.828 
303. 15 -12947.6 
308. 15 -12100.0 
313.15 - 3839.4 
318. 15 -13950.7 
323. 15 -46686.0 
328. 15 -19763.5 
333. 15 -11360.1 
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TABLE 2.9(b) ((3 /p° -Vo)/c, as functions of temperature and concentration for L 
proline -^ipha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ ^ ^ u o n c . of 0.063 0.125 0.250 0.375 0.500 
^ ^ proline 
^ ^ ^ (mol/L) 
303. 15 1.0672 0. 9956 0. 9650 0. 9673 1.0010 
308. 15 0. 8787 0. 9222 0. 9746 0. 9705 1.0037 
313.15 0. 7397 0. 9280 0.9727 0. 9680 1. 0025 
318. 15 0. 8452 0. 9390 1.0088 0. 9581 1.0102 
323. 15 0. 8779 0. 9385 0. 9765 0. 9734 1.0099 
328.15 0.9063 0. 9687 0.9622 0. 9729 1.0111 
333. 15 0. 8963 0.9717 0. 9586 0. 9763 1.0105 
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TABLE 2.9(c) (p/(3° - Vo)/c as functions of temperature and concentration for 
fructose - alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ ^ ^ C o n c . of 
^ ^ fructose 
^ ^ (mol/L) 
0.063 0.375 0.750 
303. 15 0. 9208 0. 9756 0. 9930 
308. 15 0. 9388 0. 9725 0. 9881 
313.15 0. 9148 0. 9692 0. 9896 
318. 15 0. 7950 0.9510 0. 9786 
323. 15 0. 9172 0. 9637 0. 9856 
328. 15 0. 8690 0. 9745 0. 9926 
333. 15 0. 8449 0. 9695 0. 9934 
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TABLE 2.9 (d) (p/p° - Vo) / c as functions of temperature and concentration for 
maltose - alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ • ^ Qonz. of 
^ ^ ^ maltose 
^ . . ^ (mo^L) 
0.063 0.375 0.750 
303. 15 0. 2480 0. 9888 0. 8377 
308. 15 0. 2561 0.9881 0. 8366 
313. 15 0. 1787 0. 9873 0. 8376 
318. 15 0. 2323 0. 9805 0. 8373 
323. 15 0. 1755 0. 9799 0. 8365 
328. 15 0.2186 0. 9843 0. 8361 
333. 15 0. 1860 0. 9836 0. 8346 
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volume of a protein as the sum of the constitutive atomic or group volumes [210-
213]. Since, the constitutive atomic volume, Vc, should be approximated as 
incompressible, the differentiation of equation 2.8 with pressure under adiabatic 
condition give: 
ps = -(1 / 1^) {d v" Id?) 
p s = -(1 / ^ ) [d Vcav I dP + d Asoln. / 5P] 2.9 
Thus, the partial specific adiabatic compressibility, ps obtained 
experimentally for different systems is mainly contributed from the cavities and 
solvation. The first term in equation 2.9 contributes positively while the second term 
contributes negatively to ps. As apparent from table 2.10 (a-k), the ps values for all 
the systems studied is positive suggesting the presence of highly compressible 
cavities in the protein molecules and that the effect of cavity has overcome the 
solvation effect. 
Plots of ps versus temperature also showed an irregular behaviour for 
all the systems (proline-alpha-lactalbumin-buffer [Figure 2.5(a)], fructose-alpha-
lactalbumin-buffer [figure 2.5(b)] and maltose-alpha-lactalbumin-buffer [figure 
2.5(c)]). If we analyze figure [2.5(a),(b),&(c)], we can observe that in all figures three 
stages are shown: Firstly with the increase in temperature, decrease in the ps 
values were observed at all the concentration of cosolvent (proline,fructose & 
maltose) and again with the further increase in temperature slight increase was 
observed in all the systems at all concentration of cosolvent .again decrease was 
observed with the increase in temperature and not much of the variations were 
observed in the values. Firstly, the decrease in the values of p s with the increase in 
temperature may be due to loss of water from the surface of protein molecule, and 
some hydrophobic groups present on the surface come closer i.e attractive forces 
among the molecule in the solution becomes greater. After denaturation, it is 
reasonable to expect that the temperature induced increase in ps of alpha-
lactalbumin is mainly caused by the diminish amount of hydration. In our case slight 
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TABLE 2.10 (a) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for L - proline (0.063M) - alpha-lactalbumin - buffer system 
at pH 7.0. 
Temperature ( K) pH 7.0 
303.15 4.4781 
308.15 3.7941 
313.15 3.4359 
318.15 3.7013 
323.15 3.7539 
328.15 3.8443 
333.15 3.8001 
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TABLE 2.10(b) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for L - proline (0.125M) - alpha-lactalbumin - buffer system 
atpH7.0. 
Temperature ( K) pH 7.0 
303.15 4. 4248 
308.15 3. 7636 
313.15 3. 3967 
318.15 3. 6764 
323.15 3. 7350 
328.15 3. 8279 
333.15 3. 7982 
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TABLE 2.10(c) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for L - proline (0.25M) - alpha-lactalbumin - buffer system 
at pH 7.0. 
Temperature ( K) pH 7.0 
303.15 4. 3972 
308.15 3. 7200 
313.15 3. 3633 
318.15 3. 5971 
323.15 3. 6595 
328.15 3. 7832 
333.15 3. 7509 
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TABLE 2.10(d) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for L-proline (0.375M) - alpha-lactalbumin - buffer system 
atpH7.0. 
Temperature ( K ) pH 7.0 
303.15 4. 3432 
308.15 3. 6894 
313.15 3. 3259 
318.15 3.6174 
323.15 3. 6479 
328.15 3. 7455 
333.15 3.7175 
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TABLE 2.10(e) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for L - proline (G.5M) - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temperature ( K ) pH 7.0 
303.15 4. 2579 
308.15 3. 6175 
313.15 3. 2735 
318.15 3. 5452 
323.15 3. 5926 
328.15 3. 6948 
333.15 3. 6699 
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TABLE 2.10(f) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for fructose (0.063l\/l) - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temperature ( K) pH 7.0 
303.15 4. 0585 
308.15 4.0828 
313.15 3. 9835 
318.15 3. 4987 
323.15 3. 9573 
328.15 3. 7909 
333.15 3. 6839 
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TABLE 2.10(g) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for fructose (0.375M) - alpha-lactalbumin - buffer system at 
pH7.0. 
Temperature ( K) pH 7.0 
303.15 3. 9040 
308.15 3. 9302 
313.15 3. 8243 
318.15 3. 3556 
323.15 3. 8128 
328.15 3.6424 
333.15 3. 5493 
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TABLE 2.10(h) Partial specific adiabatic compressibility (ps x 10 ^^  cm^ / dyne), as 
functions of temperature for fructose (0.750M) - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temperature ( K) pH 7.0 
303.15 3. 7021 
308.15 3. 7593 
313.15 3. 6499 
318.15 3. 2247 
323.15 3. 6648 
328.15 3. 4980 
333.15 3. 4087 
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TABLE 2.10(i) Partial specific adiabatic compressibility (ps x 10 ""^  cm^/ dyne), as 
functions of temperature for maltose (0.063M) - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temperature ( K) pH 7.0 
303.15 2.2177 
308.15 2. 2489 
313.15 1.8196 
318.15 2. 0756 
323.15 1.7753 
328.15 2. 0081 
333.15 1.8343 
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TABLE 2.10(j) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for maltose (0.375M) - alpha-lactalbumin - buffer system at 
pH 7.0. 
Temperature ( K) pH 7.0 
303.15 2.0810 
308.15 2. 1040 
313.15 1.7029 
318.15 1.9382 
323.15 1.6597 
328.15 1.8797 
333.15 1.7221 
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TABLE 2.10(k) Partial specific adiabatic compressibility (ps x 10 ^^  cm^/ dyne), as 
functions of temperature for maltose (0.750M) - alpha-lactalbumin - buffer system at 
pH7.0. 
Temperature ( K) pH 7.0 
303.15 1.9252 
308.15 1.9515 
313.15 1. 5800 
318.15 1. 8038 
323.15 1.5502 
328.15 1.7428 
333.15 1.5971 
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increase was observed at different temperatures in the three different systems 
(proline, fructose, & maltose) after then again with the further increase in 
temperature, decrease was observed and not much of the variation was reported.lt 
may be due to the fact that preferential hydration is greater for the denatured state 
than for the native protein [214]. This can be explained, as with the increase in 
temperature some of the cosolvent molecules bind to the protein and the amount of 
cosolvent in excess of bulk solvent composition may increases in the solvation layer 
of the native protein, thus because of this, the value of partial specific adiabatic 
compressibility show increase at some temperatures (at which denaturation takes 
place) in different systems, but after the denaturation, the increase in cosolvent 
binding gets approximately half that for the native protein and thus systems shows 
not much variation in partial specific adiabatic compressibility, p s with the further 
increase in temperature. Also we notice from Figure [2.5 (d) & (e)] that of the three 
cosolvent i.e proline , fructose and maltose, maltose shows a lower value of partial 
specific adiabatic compressibility at all of its temperature at both 0.063M [Figure 
2.5(d)] and 0.375M [Figure 2.5(e)]. The curves of proline and fructose almost 
overlapped each other [Figure 2.5(d) & (e)] shows that their stability effect are 
comparative to each other. Also by seeing the Figure [2.5(d) & (e)] which are 
showing the effects at 0.063M and 0.375M of cosolvents (proline, fructose 
&maltose), we can clearly observe that at 0.375M of cosolvents all the three 
(proline, fructose, & maltose) shows more decrease in their values when compared 
to the system at 0.063M of cosolvents, shows the stability effect at higher 
concentration of cosolvents. 
An examination of Table 2.8 [(a), (b) & (c)] shows that the partial 
specific volume v", decreases more in the presence of maltose as compared to 
fructose and proline. Comparison of Table 2.8[(a), (b), & (c)] reveals that the 
addition of sugars decreases the partial specific volume more as compared to 
proline at all of the temperature and thus decreasing the compressibility of the 
solution. The partial specific volume of the protein is directly related to its 
compressibility. An increase in the value of partial specific volume increases the 
value of partial specific adiabatic compressibility. The decrease in the value of 
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partial specific volume and partial specific adiabatic compressibility was observed to 
be more in the case of sugars (maltose and fructose) as compared to proline. It may 
be attributed to the fact that the presence of sugar strengthen the pair- wise 
hydrophobic interactions between the hydrophobic groups [215] of the protein 
molecule thus maintaining the globular form of the protein in the solution .But by 
comparing Figure [2.4 & 2.5 (d) & (e)] we can observe that the decrease in the 
values of partial specific volume v" [Figure 2.4] and partial specific adiabatic 
compressibility, p s [Figure 2.5 (d) & (e)] were observed more in case of maltose 
than compared to fructose at all of its studied temperature (i.e from 303.15K to 
333.15K), because of its larger molecular weight. It was found that cosolvents 
reduces the protein partial specific volume and adiabatic compressibility, but the 
magnitude of the effect per unit of cosolvents mass increases as the cosolvent 
molecular weight increases, the larger the molecular weight, larger the reduction in 
the protein volume and compressibility [216]. Therefore maltose reduces the values 
of partial specific volume and partial specific adiabatic compressibility ps 
maintaining its globular nature more as compared to fructose, also reflects the 
contribution of the structural properties of cosolvent on the protein interior. 

145 
CONCLUSION: 
Our main aim of study (by ultrasonic technique) in the present case is to give 
stress on the stability effect of different cosolvent (proline, fructose, and maltose) on 
the globular nature of protein with their increasing concentration. Of our three 
systems (proline-alpha-lactalbumin-buffer, fructose-alpha-lactalbumin-buffer, and 
maltose-alpha-lactalbumin-buffer) which are under study, the reduction in the values 
of partial specific volume and partial specific adiabatic compressibility were 
observed to be more in the case in which maltose (followed by fructose and 
proline)is present. This is due to the larger molecular weight of maltose due to 
which magnitude of the effect per unit mass of maltose increases as compared to 
proline and fructose, which in turn leads to reduction in protein volume and 
compressibility.This indicate that at the same cosolvent concentration the effect on 
partial specific volume and adiabatic compressibility increases with increasing 
cosolvent molecular weight. 
The stability effect of cosolvent can also be predicted from the Figures 
[2 .4 and 2.5(a), (b) &(c)]. It was observed from these figures that there was not 
much increase in the values of partial specific volume and partial specific adiabatic 
compressibility in all the three systems (proline-alpha lactalbumin-buffer, fructose-
alpha lactalbumin-buffer, and maltose-alpha lactalbumin-buffer) with the increase in 
temperature. This may be due to the fact that preferential hydration is greater for 
denatured than for native protein. Once the protein gets denatured its hydration 
capacity increases in presence of cosolvents and as the concentration of cosolvent 
increases its hydration capacity may further increase due to the increase in steric 
hinderance and as a result more stabilized state of protein was observed. This may 
be the reason that why partial specific volume, v" and partial specific adiabatic 
compressibility, p s decreases with the increase in concentration of cosolvents. 
Finally it can be concluded that in our present case of study by ultrasonic technique, 
stabilization effect was observed more in the case of maltose followed by fructose 
and proline. 
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Ultrasonic Velocity and viscosity data are of increasing interest as they are 
the basis of structural studies of liquid mixtures and they are also the useful tools in 
studying the nature and degree of association or dissociation, complex formation, 
and dispersion forces in liquids, and their mixtures. The viscosities of electrolyte 
solutions were considered by Falkenhagen and Dole [1] in terms of the interionic 
interactions in the adjacent layer of an electrolyte solutions. They proposed that the 
electrical force between the ions in a solution tend to establish and maintain a 
preferred rearrangement and thus to stiffen the solution, i.e., to increase its 
viscosity. Falkenhagen introduced an empirical parameter, B, which represents the 
ion- solvent interaction. Negative values for this coefficient are found for ions which 
exert a "structural breaking" effect on the solution, while the coefficient has positive 
values for the ions which are strongly hydrated, i.e., stmcture makers. The viscosity 
data have been interpreted by several workers in terms of Jones - Dole equation [2-
8]. They have introduced the viscosity coefficient B for the dipolar ions, particularly 
amino acids. It is argued that the sign of the temperature dependence of the B -
coefficient provides a more satisfactory information about the structure-making or 
structure - breaking ability of the solutes on the solvent than the sign of the B -
coefficient. The values of apparent molar volume, Partial molar volume at infinite 
dilution , A and B coefficients of the Jones - Dole equation and free energies of 
activation of viscous flow has been calculated [ 9 ] . The behaviour of these 
parameters suggest strong ion - solvent interactions in these systems. Studies on 
the behaviour of ions in mixed water plus non aqueous solvents have received a lot 
of attention in the recent past [10- 12,]. The effect of solute solvent interactions on 
the viscosity of dilute electrolyte solutions was considered in terms of the solute 
contribution to the activation free energy, enthalpy or entropy, for viscous flow [13]. 
To see the effect of the electrolyte upon the amino acids, apparent molar volume, 
relative viscosity, transfer volume, free energy of activation of solute and solvent, 
the partial molar volume, Falkenhagen, A , and Jones - Dole coefficient, B , has 
been calculated [ 14 ] . The viscosities of aqueous and non aqueous electrolyte 
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solutions can be well represented by the following semi empirical equation, 
introduced by Jones and Dole [3] 
n / ri 0 = 1 + AVC + BC 
Where, the first term, AVC, represents the contribution from the long range ionic 
interaction, theoretically calculated by Falkenhagen and Dole [15]. The second term 
known as the viscosity B-coefficient, has been established as being additive [16-19] 
in the contribution from the cationic and anionic interactions with the solvent 
molecules. However, unlike some other similar additive properties, e.g, mobilities, 
diffusivities, for which sound experimental methods exist for the determination of the 
extremely important and revealing ionic values, [19-21] there is yet no definite 
assignment for the single ion B values. The viscosity, q of dilute solutions of 
electrolytes varies with concentration C according to the Jones - Dole equation [3]. 
The viscosities of solutions of Potasiuum Iodide in binary mixtures were analyzed in 
terms of the A and B parameters of the Jones - Dole equation [22]. Studies had 
been done to evaluate the excess volumes, viscosities, and excess molar free 
energy of activation of flow from the values of viscosities and densities of binary 
mixtures [23]. 
The interior of globular proteins are well packed, but cavities are large 
enough to contain at least one water molecule which are found in nearly all globular 
proteins and can account for about 1 % of the total protein volume [24, 25]. Buried 
water molecules have been observed by nuclear magnetic resonance (NMR), 
X - ray crystallography and neutron diffraction methods [26, 27], and occupy about 
18% of the cavity sites giving an average of one buried water molecule per 27 
residues [25] . Biologically important roles for buried waters have been assigned for 
liquid binding, for example, HIV Protease [28], and hemoglobin [29], protein -
protein (including antibody - antigen) association, [30], protein stability [31], and 
protein flexibility [32-34]. The hydration free energies and entropies for water in 
protein interiors were calculated [35]. Two different protein cavities, in bovine 
pancreatic trypsin inhibitor (BPTI) and in the 176 A mutant of barnase, represent 
very different environment for the water molecule, one which is more hydrophobic, 
forming only one water - protein hydrogen bond and only the polar BPTI cavity 
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predicted was found to be hydrated, and the corresponding entropies shows that 
the transfer to the polar cavity is significantly entropically unfavourable while the 
transfer to the non polar cavity is entropically favourable and it was found that 
addition of water molecule makes the protein more flexible and it is due to an 
increased length and weakened strength of protein - protein hydrogen bonds near 
the cavity [35]. The amount of experimental data on buried water has increased 
rapidly over the past few years. These data, together with computational studies 
[32, 34, 36-40] suggest interesting questions concerning the conditions which favour 
the occupation of water molecules. The occupancy of water in non polar cavities, is 
most often considered to be empty, is more controversial. NMR, which may be able 
to detect water molecules with lower occupancies and more disorders, has detected 
buried water in non polar cavities, which are not visible in X - ray structure [41, 42]. 
In hen egg - white lysozyme, NMR experiments detected water in two different 
cavities, in which each can form at most one hydrogen bond with the protein [42]. 
Free energy calculations of the transfer of water molecules from the liquid to the 
interior cavities found that the process is spontaneous only for polar cavities and 
there Is a good correlation with a negative free energy change and the presence of 
an observed water molecule in that cavity [36-38, 43]. For larger cavities, even if the 
protein can form no hydrogen bonds, water can be energetically stabilized through 
water - water hydrogen bonds. There are a number of proteins with cavities large 
enough to hold two or more water molecules which show evidence of containing 
water even though these cavities are completely lined with non - polar groups. 
These proteins include human - human interleukin - 1p (Hil - ip) [41, 42, 44-48], 
hen egg white lysozyme [42], staphylococcal nuclease [49], and trypsin [50]. 
The significance of the entropy change is its connection to protein flexibility 
[32, 51, 34, 52, 53]. Part of the entropy change is the vibrational entropy of the 
protein due to changes in conformational freedom. Exactly opposite conclusions 
about the influence of strongly ordered water molecules on protein flexibility have 
been reached (and for the same protein), [32, 51, 34]. For the binding of other larger 
ligands and for the dimerization of proteins, greater conformational freedom was 
found for the associated state [52, 53]. This increase in conformational freedom is 
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for the protein - ligand or protein - protein complex relative to the pure protein in 
water, reflecting how the flexibility changes when water is displaced by the ligand or 
protein. These studies indicate that no consensus has been reached as to whether 
a molecule which binds rigidly and fits well in the binding site increases or 
decreases the flexibility may be strongly dependant on the type and strength of the 
protein - water interaction and water in the two cavities presented here may 
influence the flexibility in different ways. There are very interesting experimental 
data pertaining to the thermodynamics of water binding. The free energy for the 
binding of water has been measured in the gas phase for BPTI [54]. In water AG 
can be estimated from comparing the stabilities of engineered proteins with 
hydrated cavities (created by mutation) to the wild type stabilities [31, 55].'In general 
it has been found from mutagenesis experiments that buried waters effect the 
stability of proteins over a wide range of values [31]. 
The improvement of stability of an enzyme is one of the targets in protein 
engineering. There is therefore wide interest in the problem of protein stability and 
its determination. One of the purposes of thermodynamic investigation of protein 
denaturation is the estimation of stabilization free energy, AGD'^2°- of folded 
proteins. This is defined as the energy required to convert the protein in water (or 
dilute buffer) from its ordered three dimensional structure, to a random coil, 
structureless polypeptide chain. It is known that equilibrium between native and 
denatured states can be established and studied in the presence of the denaturant, 
but not in its absence. The determination of protein stability from denaturation 
transition curves and estimation of AGD^2° has been done [56] and the method of 
estimation of protein stability from the urea and guanidine hydrochloride (GdnHCI) 
denaturation transition curve has been critically reviewed by Pace [57, 58], Lapanje 
[59], Schellmen [60, 61], and Schellmen and Hawkes [62]. 
Most proteins and other biomolecules have been adapted by evolution to 
function optimally in aqueous environments. Protein - water interaction therefore 
play an essential role in the folding, stability, dynamic, and function of proteins. 
Conceptually, the problem may be analyzed in terms of different perturbation 
orders. The first order effect of the bulk solvent on the protein is often described by 
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solvent - averaged potentials, as in the dielectric screening of coulonnbs 
interactions to second order, the protein modifies the properties of the adjacent 
solvent and that this modification reacts back on the protein. The term hydration 
usually refers to such second - order effects, which range from the highly specific 
entrapment of structural water molecules in internal cavities to the generic 
perturbation of the water layer covering the external protein surface. It is known that 
primary events in most biological processes, such as enzymatic catalysis, 
association, and recognition, takes place at the protein - water interface. Moreover, 
even a small perturbation of the hydration layer on proteins can have a large effect 
on protein energetics and dynamics. Much of the experimental information about 
protein hydration dynamics had came from magnetic relaxation experiments using 
two different NMR (Nuclear Magnetic Resonance) techniques : magnetic relaxation 
dispersion (MRD) of the quadripolar H^a and ^^ O nuclei in the water molecule [63-
65] and intermolecular H^  - H^  nuclear overhauser effects (NOEs) between water 
and protein protons [66,67]. 
The term "hydrophobicity" is commonly used to describe the low solubility of 
non - polar groups in water which leads to their aggregation in processes such as 
protein folding and micelle formation [68]. 
The thermodynamics of non- polar groups in water (hydrophobic hydration) is well 
characterized [69]. It proposes that property of water responsible for hydrophobicity 
is its small size [70, 71]. Opening up a cavity to accommodate the solute is 
entropically unfavourable in any solvent. It is essentially an excluded volume effect. 
The very small sizes of water exacerbate the situation and gives rise to entropies 
more negative than in other solvents. The strong water- water interactions mainly 
serve to keep water a liquid at ambient condition. The first basis of these ideas 
came from the application of scaled particle theory to aqueous solutions [72-74]. 
The thermodynamics of solvation of non polar molecules in water could be 
reproduced without explicitly accounting for hydrogen bonding. The application of 
integral equation theory to the problem [75] or the more recent information theory 
model [76] also was successful in reproducing thermodynamic quantities without 
explicitly accounting for the orientational structure of water. Madan and Lee [77] 
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showed that the free energy of cavity formation (an essential step in solvation) is 
very similar in water and non polar liquids of the same size. Thus, hydrogen 
bonding or strong solvent - solvent interactions do not appreciably affect the 
solvation free energy. Elsewhere, Lee proposed that the hydrogen bonding 
properties of water do play a role in determining the enthalpy and entropy of 
solvation, but, due to enthalpy - entropy compensation, this effect cancels out and it 
is the size effect that essentially determines the free energy [78]. Similar ideas have 
been expressed by other authors also by using a perturbation theory approach to 
solvation free energies [79, 80]. Durell and Wallquist [81] scale analysis of the 
solvation also shows that the small size of water, rather than hydrogen bonding is 
responsible for hydrophobic effect. 
It has been reported that in aqueous solutions [82], the addition of cosolvents 
or osmolytes results in preferentially hydrated protein molecules due to steric 
exclusion of the osmolyte and changes in surface tension around the protein. This 
results in a reduction in the proteins ability to undergo conformational changes as 
compared to that in water alone, thereby stabilizing the protein structure in solution. 
Many polyols promotes the preferential hydration of proteins, including sucrose [83], 
glycerol [84], and sorbitol [85] among other mixed solvents [86, 87]. 
Protein unfolding in the presence of added osmolytes is thermodynamically 
unfavourable due to the higher chemical potential of the denatured molecule 
[88, 89]. 
Therefore, under thermodynamic equilibrium in such solvents, the native 
protein structure is favoured. The impact of neutral cosolvents on the thermal 
stability of globular proteins in aqueous solutions depends on the nature of the 
cosolvent. When a protein unfolds there is a change in the exposed surface area 
and in the type of molecular interactions that occur at the protein -solvent- cosolvent 
interface. These changes contribute to the free energy change associated with 
protein denaturation and depend on cosolvent type [90]. 
The preferential hydration increased with increasing osmolyte size, due to 
steric exclusion of osmolyte from the protein domain, although favourable 
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interactions with protein surface residues, in particular non polar ones, may 
compete with the exclusion [91]. 
The unfolded state of protein becomes thermodynamically even less 
favourable in the presence of sucrose as sucrose is preferentially excluded from 
the protein domain, increasing the free energy of the system [92].The conformation 
adopted by a biological macromolecule is a sensitive function of residue 
composition, the sequence of these residues, and solvent environment. At 
equilibrium, macromolecules tend to cluster around the conformation of lowest free 
energy. The conformation of the lowest free energy may represent the native state 
of the macromolecule, although the native conformation need not to correspond to 
the lowest free energy state but may correspond to the relative free energy 
minimum, with extremely slow rates of conversion to the absolute minimum due to 
high energy barriers. The particular conformation which represents that of the 
lowest free energy, as well as the distribution of other conformational energy levels 
about it is a strong function of the solvent environment. It is a widely recognized 
phenomenon that some biological macromolecules in a purified state are unstable 
and may lose their structural integrity and biological activity. The introduction of 
polyhydric alcohols and sugars in to the solvent medium has been found to stabilize 
biological macromolecules in solution [93-100]. The stabilization effect of these 
additives has been attributed in the past to a lessened hydrogen bond rupturing 
capacity of the medium [101] or to an induced change in topography [102]. The 
increase in free energy required to unfold the protein in the presence of sucrose is 
related to the increase in the surface of contact between protein and solvent on 
unfolding, than protein stabilization could well be related to the sucrose-induced 
increase in the free energy of enlarging the surface of the solvent cavities which 
contain the bulky solute molecules. Sinanoglu and co- workers [103,104] have 
considered this possibility in their studies of the stability of DNA molecules. From an 
examination of the relative magnitudes of the free-energy contributions of variety of 
effects in a series of solvents they concluded that a major factor in that system is 
the free energy of cavity formation. Since a change in the size of the cavity must be 
accompanied by a change in cavity surface area, the change in free energy which 
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accompanies this process should be reflected in a change in the surface free 
energy (dG°). It is known that peptide backbone plays a dominant role in protein 
stabilization by naturally occurring osmolytes [105]. The side chains were found 
collectively to favour exposure to the osmolyte in comparison to exposure in water, 
and in this sense the side chains favour protein unfolding. The major factor which 
opposes and overrides the side chain preference for denaturation and results in the 
stabilization of proteins observed in osmolytes is the highly unfavourable exposure 
of polypeptide backbone on unfolding. 
The transport properties in solution are studied by measuring the viscosity of 
solutions. The viscosity measurement of macromolecules provides information 
regarding the shape and size of these molecules [106]. Several theories have been 
given to evaluate the viscosity of binary liquid mixtures [107-113]. These theoretical 
relations have been used to explain the strength and the nature of interactions in 
these systems [114,115]. 
Several workers have carried out the experimental viscometric 
measurements in aqueous as well as mixed aqueous solutions of biological 
macromolecules to evaluate some thermodynamics parameters such as association 
constant, change in free energy of activation and enthalpy change, etc. [116-124]. 
The evaluation of intrinsic viscosity of protein under varying conditions of 
temperature, pH, and the addition of cosolvents help in detecting the conformational 
changes in protein. The extremes of pH and temperature cause the loss of 
biological activity and the protein is said to be denatured. The addition of cosolvents 
like sugars increases the stability of protein and protects it against thermal and pH 
denaturation. For the native conformation of protein, the value of intrinsic viscosity 
lies between 3-4 ml/g and for the denatured states, its values goes beyond 4ml/g. 
The Knowledge of the solution properties of two or more, components is 
frequently required in the understanding of the transport phenomenon as well as in 
the industrial chemical processes. These properties may include density, viscosity 
and other common physical parameters such as refractive index, dielectric constant 
and any related quantity. 
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Among the variety of techniques that provide Information about the molar mass and 
shape of macro-molecules in solution, the measurement of viscosity stands out 
because it requires only simple equipment and the measurements are relatively 
easy to make. 
Viscosity is a measure of the resistance of a fluid of flow, and can be used to 
identify and characterize the shapes of macromolecules as compact globular or rod 
like particles, or flexible random coils. The sensitivity of viscosity to molecular 
structure makes it useful for monitoring processes that result in changes in 
molecular size or shape, including; 
1) The interconversion of biological macromolecules between native 
(active) and denatured (inactive) forms. 
2) The Intercalation of small molecules within macromolecules. 
3). Intermolecular cross linking. 
Corradini et al [116] and Palepu [125] have calculated the various thermodynamic 
parameters of activation of viscous flow by least square fitting the densities and 
viscosity data to empirical equations stating their dependence on temperature and 
composition of the mixture. These parameters suggest the type and strength of 
Interaction between the components of mixture. Palepu et al [125] calculated such 
thermodynamic parameters for the binary acid-base mixtures, while Corradini and 
coworkers [116] obtained these for the binary mixture of alcohols and amides. In the 
present study, an attempt has been made to calculate the viscosity, specific 
viscosity, reduced viscosity, intrinsic viscosity, shape factor, entropy, enthalpy and 
Gibb's free energy for the following systems: 
(i) a-Lactalbumin in phosphate buffer at pH 7.0. 
(ii) a-LactalbumIn - L- Proline - buffer system at pH 7.0 
These effects in above systems are further confirmed by thermodynamic 
properties and shape factor. 
^X<FE^I^^9fTAL 
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MATERIALS AND SAMPLE PREPARATION: 
Alpha-lactalbumin and Proline were obtained from Sigma Chemical 
Company. For the preparation of sample 0.1 molar aqueous solutions of both 
monobasic and di-basic sodium phosphate purchased from E. Merck were mixed in 
different proportions to prepare phosphate buffers of pH 7.0. The pH of these 
solutions was measured by digital pH meter (Elico pvt. Ltd. Hyderabad, model T-
10). The concentration of alpha lactalbumin was kept constant (0.0001 g/ml) In all 
the samples under study. 
The densities and viscosities were determined for following systems: 
(1) alpha-lactalbumin - buffer system at pH 7.0. 
(2) Six solutions of different concentrations of Proline (0.0017 g/ml, 0.0144 
g/ml,0.0288g/ml, 0.0432g/ml, 0.0576 g/ml, 0.0864g/ml)—buffer system at pH 7.0. 
(3) Six solutions of different concentration of proline (0.0017 g/ml, 0.0144 g/ml, 
0.0288 g/ml, 0.0432 g/ml, 0.0576 g/ml, 0.0864 g/ml)- alpha-lactalbumin-buffer 
system at pH 7.0. 
TEMPERATURE CONTROL: 
A thermostated paraffin bath was used to maintain a uniform temperature during the 
measurements of density and viscosity. The paraffin bath of about 5 liters capacity 
consisted of an immersion heater (1.0 KW), an electric stirrer (Remi make), a check 
thermometer, a contact thermometer, and a relay [Jumbo type NT 15.0, 220V= 6A 
(GDR)] was used to control the variation in temperature. The check thermometer 
(GDR) was N.B.S. calibrated to record ± 0.1°C variation. The overall thermal 
stability was found to be within ± 0.1 °C. 
DENSITY MEASUREMENT: 
A pyknometer consisting of a small bulb with flat bottom (~ 5ml capacity) and 
graduated stem was used for the density measurement. Each mark on the stem of 
the pyknometer was calibrated with triply distilled water. The pyknometer was 
weighed and filled with pure and distilled water and again weighed. The weight of 
water was determined by the difference in these two weights. The pyknometer was 
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immersed in the paraffin bath maintained at the required temperature, and volume 
changes were recorded as a function of temperature, and thus each mark of the 
stem was calibrated. The density of water at different temperatures required for 
calibration was given by the standard equation, 
Pt = 1.000525 - 2 X 10"^  t - 4.72 X 10"^  t^ . 
Where "t" is the temperature in °C. Now using the values of densities and 
mass of water, the volume of pyknometer at each mark was calibrated. 
To check the reproducibility of calibration, the same process was 
repeated with different weights of water. Using the known volume of calibrated 
pyknometer at each mark and mass of water, the densities at the required 
temperature were calculated. It was found that the accuracy of density 
measurements was within ± 0.059%. 
The test solution was introduced into the calibrated pyknometer, weighed 
and then it was immersed in the thermostated bath. The temperature at each mark 
on the stem of the pyknometer was recorded by increasing the temperature of the 
bath. The densities were determined at required temperature, by recording the 
volume changes as a function of temperature. 
VISCOSITY MEASUREMENT: 
Cannon - Ubbelhode viscometer was used for the viscosity measurement of the 
solutions. The viscometer consists of three parallel arms, viz., receiving, measuring 
and auxilliary, for forming the suspended level arrangement in a triangular fashion. 
The receiving arms forms a 'U' with the measuring arm through a bulb D. The 
measuring arm has two bulbs A and B. The two fudicial marks 'a' and 'b' were used 
on the two sides of the bulb B for recording the time of fall of the test solution. The 
auxiliary arm was sealed to the receiving arm through a bulb C. In between the 
bulbs B and C there lies a capillary of appropriate dimensions. It has been designed 
in such a way that the centre of gravity of the three bulbs A, B, and C was aligned 
vertically to reduce the acceleration due to gravity, so that the experimental errors 
could be minimized. 
Special feature of the suspended level viscometer was that the capillary 
effects of the two liquid surfaces were neutralized by each other so that the surface 
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tension correction for the apparatus was negligible and the transport of momentum 
was carried out freely under the weight of the total volume of the test liquid. 
The calibration of viscometer was done by using triply distilled water. 
The viscometer was then filled with triply distilled water whose amount was 
sufficient to avoid any air bubble being introduced into the capillary arm while 
fudicial bulb was filled. The viscometer was clamped in the vertical position in the 
thermostated paraffin bath for about half an hour before recording the time of fall, so 
that the thermal fluctuation in the viscometer was maintained. Then the sample was 
sucked into the bulb A and was allowed to stand there for some time. Then the 
liquid was allowed to fall and the time of fall of the sample from the upper fudicial 
mark "a" to the lower mark "b" was recorded several times and the mean of very 
close readings was determined at each required temperature. The time of fall of 
liquid was measured with a stop watch (accuracy: ± 0.1 second). Poiseuille's 
equation was employed to calculate the viscosities using the density and the time of 
fall. 
n=pBt 
where B is a constant and has been calculated by making use of the reported 
values[140] of viscosities of water at several temperatures. The accuracy of the 
calibrated viscometer was checked by measuring the viscosities of water at test 
temperature and then comparing the experimental values with the reported ones 
[140]. Reproducibility was found to be within: ± 0.15 %. 
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THEORY: 
The change in viscosity that results from the addition of a solute to a liquid is 
usually expressed as the specific viscosity HSP 
nsp = n-Hn = JL -1 (3-1) 
Ho Ho 
Where r] is the viscosity of solution and rio is that of solvent. 
The Hsp depends on concentration and on the strength and nature of 
interactions between the solute and the solvent. 
A quantity related to risp is the intrinsic viscosity [q], which is 
independent of concentration and characteristic of the solute alone. It is defined as 
the limiting value of (r|sp / c), (C -^0). [126] 
[n] = lim jisp = lim I n (3.2) 
(c—>0) c (c-*0) c Ho 
I 
Where, JISP = Hred = 1 In a_ (3.3) 
c c Ho 
The intrinsic viscosity of a protein can also be expressed in terms of partial specific 
volumes [127]. 
[n]= V ( 7 + I m , v ° ) . (3.4) 
I 
in which v is the simha's or shape factor, mi is the mass of solvent in grams with 
partial specific volume Vj bound to 1g dry weight of protein. By using the value of 
0.29 g for mi in equation (3.4), and if the native a - Lactalbumin in phosphate buffer 
binds only water, for which v" -,, may be taken to be 1, the simha's or shape factor 
can be calculated using equation ( 3.4). 
According to Tanford [128], the intrinsic viscosity of the Polypeptide chain 
can be expressed as: 
I [n]Mo =76.ln°^^ (3.5) 
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Where Mo is the mean residue weight, and is equal to M/n, n is the number of 
surface amino acid residues per polypeptide chain, and M is the molecular weight of 
the polypeptide. 
Viscosity data is also analysed in the terms of the Jones - Dole 
equation [2]. 
n/no= l+AC'-^ ^ + BC (3.6) 
Here, n/lo is the relative viscosity of the solution, C is the 
concentration in g/1, while A and B are the constants. The constant A is associated 
with the contribution of inter - ionic electrostatic forces [129] and B is a measure of 
order or disorder introduced by the ions into the solvent structure [130]. 
The energies of activation of the viscous flow AG* were calculated by 
using the Eyring viscosity equation [131]. 
n= hN_e^°*'^^ (3.7) 
Where, h is the Plank's constant, N the Avagadro's number, R the universal 
gas constant, and T the absolute temperature. The term Vm is the molar volume of 
the mixtures, calculated from the corresponding mixture densities, and by the 
following relation: 
Vm=IiXjMi. 1=1,2,3, (3.8) 
P 
The energies of activation for viscous flow, AG*, at the required temperatures are 
obtained by using the equation. 
AG* = AH*TAS* (3.9) 
Where, AH* and AS* are the enthalpy and the entropy of activation of viscous 
flow respectively. 
By combining equations (3.7) and (3.9), we get, 
AG* = RT In nVni 
hN 
= AH*-TAS* 
By plotting Rln(riVrT,/hN) vs. 1/T we found that the plots shows a quite linear trend. 
From these linear plots AH* values were obtained from the slopes, while AS* values 
from the intercepts. 
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By putting the values of AH* and AS* in equation (3.9) we can evaluate free energy 
of activation AG* at different temperatures. 
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RESULTS AND DISCUSSION: 
The experimental values of viscosity of the systems under 
investigation are listed in Table 3.1[(a), (b), & (c)] and plotted in Fig [3.1(a), (b) & (c)] 
as functions of temperature and concentration. The plots show a decrease in the 
values of viscosity with an increase in the temperature of the solution while an 
inverse relation was observed with concentration. With the increase in temperature 
the forces of attraction which the moving molecules have to overcome, have 
substantially increased with an increase in the random motions of molecules, thus 
making the progress of the molecule in motion towards the empty site slower. While 
the increase in concentration of the solute increases the frictional forces (the 
attractive forces) between the neighbouring portions of the solution and therefore, 
increases its viscosity. 
The values of specific viscosity, HSP was calculated using 
equation [3.1] and its values are listed in table 3.2[(a) and (b)]. In alpha-lactalbumin 
- buffer system (pH 7.0), [Fig. 3.2(a)] values were found to decrease then increase 
then again decreases with temperature. In alpha-lactalbumin - proline buffer system 
[Fig. 3.2(b)], no regular pattern was observed with variation in temperature and 
concentration but finally from lower to higher concentration of proline, slight 
increase in specific viscosity was observed and in a similar manner decrease in 
specific viscosity was observed with the increase in temperature i.e from 303.15K to 
333.15K. 
The reduced viscosity, r|red, was calculated using equation [3.3], 
and is listed in Table [3.3(a) & (b)]. Reduced viscosity shows no regular pattern with 
the increase in temperature for alpha lactalbumin -buffer system [Figure 3.3 (a)]. 
For a - Lactalbumin - Proline - buffer system, [Figure 3.3(b)], the Hred values show 
reverse pattern as was found for HSP with concentration. Reduced viscosity also 
showed no regular pattern with the temperature and concentration but finally the 
value decreases from lower to higher concentration of proline and similar trend was 
observed (value decreases) with temperature. If we examine Fig 3.3(b), then it can 
be reported that the nature of curve with concentration of proline at lowest 
temperature (303.15K) is corripletely reverse of it at higher temperature (333.15K). 
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TABLE 3.1(a) Viscosity, (n x 10^, Kgm'^ s"^) as functions of temperature and 
concentration for the alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) / ^ 
>/ Cone, of 0.000 0. 100 
y/^ Protein 
X 1x10^ 
y^ gm /ml 
303. 15 8. 3671 9.2122 
308. 15 7. 8080 8. 2460 
313. 15 6. 7753 7. 0679 
318. 15 6. 0880 6. 7387 
323. 15 5. 6960 6. 1910 
328. 15 5. 1550 5.6447 
333. 15 4. 9410 5. 3477 
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TABLE 3.1(b) Viscosity, (n ^ 10'*, Kgm"^  s'^ ) as functions of concentration and 
temperature for the L- proline - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^ ^ o n c . of 7.2 14.4 28.8 43.2 57.6 86.4 
/^^ proline 
^ / 1 X 10^  
/ ^ gm/ml 
303. 15 8. 5003 8. 9800 9. 2757 8. 7302 9. 6832 9. 9058 
308. 15 8. 4089 8. 0477 8. 4590 8. 5774 8. 6897 9.4314 
313. 15 6. 9330 7. 1509 7. 3010 7.6190 7. 8504 8. 5694 
318. 15 6. 4827 6. 5768 6. 6799 6. 9526 7. 9753 7. 5969 
323. 15 6. 1071 6. 1032 6. 6992 6. 4359 6. 4987 7. 0810 
328. 15 5.6015 5. 5512 6.2186 6. 2441 5. 8525 6. 5054 
333. 15 5. 1898 5. 6650 5. 8397 5. 9795 5. 5930 6. 0365 
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TABLE 3.1(c) Viscosity, (q ^ lO'*, Kgm"^  s'^ ), as functions of concentration and 
temperature for the L - proline - alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) ^ ^ 
^y^oviz. of 7.2 14.4 28.8 43.2 57.6 86.4 
^ ^ proline 
/ ^ gm/ml 
303.15 8. 8254 9. 4977 9. 7088 9.8193 10.3695 11.8440 
308. 15 8.5215 6. 8698 8. 8088 8. 6743 9. 3324 10. 3570 
313. 15 7. 1516 7.9911 8. 0979 7. 8404 8.3175 9. 3536 
318. 15 6. 5770 6.9181 7. 2696 7.2158 7. 6872 8. 0433 
323. 15 6. 2280 6. 6569 6. 6791 6. 7466 7. 1404 7. 6202 
328. 15 5. 6740 5. 9678 6. 2827 6. 3895 6. 2429 7. 1239 
333. 15 5. 4603 5. 7520 5. 9050 6.0110 5. 6900 6. 8200 
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TABLE 3.2 (a) Specific viscosity, (r|sp) as functions of temperature for the alpha-
lactalbumin - buffer system at pH 7.0. 
Temp. (K) y ^ 
/ uonc . 
X of 0.100 
y Protein 
X 1x10^ 
/^ gm/ml 
303. 15 0. 1010 
308. 15 0. 0547 
313. 15 0. 0432 
318.15 0. 1069 
323. 15 0. 0869 
328. 15 0. 0950 
333. 15 0. 0823 
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TABLE 3.2(b) Specific viscosity, r|sp, as functions of concentration and temperature 
for the L - proline - alpha-lactalbumin buffer system at pH 7.0. 
Temp. (K) ^ ^ 
/ ^ o n c . of 7.2 14.4 28.8 43.2 57.6 86.4 
/ ^ proline 
/ ^ gm/ml 
303. 15 0. 0382 0. 0576 0. 0467 0. 1247 0. 0708 0. 1957 
308. 15 0. 0134 0. 1021 0.0413 0. 0113 0. 0740 0. 0981 
313.15 0. 0315 0. 1175 0. 1091 0. 0290 0. 0595 0.0915 
318. 15 0. 0145 0. 0519 0. 0883 0. 0378 0. 1021 0. 0588 
323. 15 0. 0198 0. 0907 -0. 0030 0.0483 0. 0987 0. 0761 
328. 15 0. 0129 0. 0750 0.0103 0. 0233 0. 0667 0. 0951 
333. 15 0. 0521 0.0153 0.0112 0. 0053 0.0173 0. 1298 
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TABLE 3.3(a) Reduce viscosity, (Hred, ml gm"^), as functions of temperature for the 
alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) / 
/Conc. of 
0.100 
/ Protein 
/ 1x 10^ 
/ gm/ml 
303. 15 1010 
308. 15 574 
313. 15 432 
318. 15 1069 
323. 15 869 
328. 15 950 
333. 15 823 
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TABLE 3.3 (b) Reduce viscosity, (nred.ml gm"^ ) as functions of concentration and 
temperature for the L-proline- alpha-lactalbumin in phosphate - buffer system at pH 
7.0. 
Temp. 
( K ) ^ ^ o n c . of 
^y^ proline 
1 X 10^ 
gm/ml 
7.2 14.4 28.8 43.2 57.6 86.4 
303. 15 5. 3055 4. 0000 1.6215 2. 8866 1.2292 2. 2650 
308. 15 1.8611 7. 0902 1.4340 0. 2616 1.2847 1. 1354 
313. 15 4. 3750 8. 1597 3.7882 0.6713 1.0330 1. 0590 
318.15 2.0139 3. 6042 3.0660 0. 8750 1.7726 0. 6805 
323. 15 2. 7500 6. 2986 -0. 1042 1. 1180 1.7135 0. 8808 
328. 15 1.7917 5. 2083 0. 3576 0. 5393 1. 1580 1. 1007 
333.15 7. 2360 1.0625 0. 3889 0. 1227 0. 3003 1.5023 
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It may be due to denaturation reported at higher temperature and also we can see 
some speciality on the addition of 14.4x 10"^  gm/ml of proline in which at every 
temperature increase in reduced viscosity was observed as compared to reduced 
viscosity observed for other amount (cone.) of proline. 
The intrinsic viscosity [q] calculated using equation [3.2] and was obtained by 
plotting the reduced viscosity as a function of concentration and extrapolating it to 
zero concentration, so the intrinsic viscosity is the reduced viscosity at infinite 
dilution. An observation of table [3.4 ] shows that the value of intrinsic viscosity [r|] 
was 3.7994 ml/g at temperature of 308.15K. This represents the native state of 
alpha lactalbumin. The value of [r|] showed no regular pattern with the increase in 
temperature but value goes beyond 4ml/g at temperature of 313.15 K i.e. 6.0876 
ml/gm. This is showing the denaturation, but again its value decreases with the 
increase in temperature indicating different conformational state at different 
temperature. 
Shape factor, v, was calculated by using equation (3.4) and the values are given in 
table [3.5]. The shape factor with temperature curves [Fig. 3.5], reflecting similar 
pattern as computed in case of intrinsic viscosity, supporting the globular nature of 
protein. 
Proteins are stabilized generally by a combination of hydrogen bonding, 
electrostatic interactions and hydrophobic interactions with additional contribution in 
particular protein from cross linking, metal complexing etc. Of all these, the 
hydrophobic interactions provide the major contribution to stabilizing the globular 
form of most soluble proteins. In like manner the stabilization of folded protein 
structure by osmolytes such as sucrose is thought to result from the preferential 
exclusion of the sucrose from the protein domain, increasing the free energy of the 
system, this leads to protein stabilization since the unfolded state of the protein 
becomes thermodynamically even less favourable in the presence of sucrose[132]. 
In order to study the effect of proline on the stability of alpha- lactalbumin, we 
have to consider the effect of cosolvents on these various forces and attraction. 
Cosolvents influence the protein in a variety of ways including structural stability, 
crowding and aggregation etc. through inter and intra protein interactions tuning. 
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TABLE 3.4 Intrinsic viscosity, [n] (ml gm'^) as functions of temperature for the L -
proline - alpha-lactalbumin-buffer system at pH 7.0. 
Temp. (K) ^ ^ ^ 
^ ^ pH of the 
^^-^ system 
7.0 
303. 15 4. 2724 
308. 15 3. 7994 
313. 15 6. 0876 
318. 15 3. 1207 
323. 15 3. 6702 
328. 15 2. 7800 
333. 15 3. 5003 
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TABLE 3.5 Shape factor, (v), as functions of temperature for the L - proline - alpha 
lactalbumin buffer system at pH 7.0. 
Temp. (K) ^ ^ ^ 
^ ^ ^ p H o f t h e 7.0 
^ ^ system 
303. 15 4.0067 
308. 15 3. 5542 
313. 15 5.7144 
318. 15 2. 9220 
323. 15 3. 4485 
328. 15 2.6054 
333. 15 3.2919 
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As we know that Preferential binding is the adhering of the additives (cosolvents, 
cosolute or osmolyte) with the protein molecule at a level at which the concentration 
of the additive in the vicinity of the protein exceeds the concentration of the additive 
in bulk solution or when the affinity of the additive or ligand towards the protein 
molecules in aqueous solution is greater than for water. If there is an excess of 
additive or ligand in the protein domain relative to the bulk solvent composition, it is 
described as preferential binding [133]. 
The values of RIn (riVm/hN) vs 1/T are listed in Table [3.6 (a) & (b)]. 
On the basis of the fact that the plots of Rln(r|Vm/hN) vs. 1/T are reasonably linear 
for the 
(i) a - Lactalbumin in phosphate buffer at pH 7.0 [ Fig.3.6(a) ] 
(ii) a - Lactalbumin - L - proline in phosphate buffer, studies shown in fig 
[3.6(b)] and reported in (Table3.6 (b)] suggest that the mechanism of 
viscous flow for these systems is a thermally activated single process. 
The AH values are all positive [Table 3.8(a) & (b)] and show no regular 
pattern with the concentration of proline [table 3.8(b)]. AS values are all 
negative [Table 3.7 (a) & (b)] and decrease in entropy observed as the 
concentration of proline increases up to 43.2x10'^ ml/g of proline [table 
3.7(b)] as compared to the native protein [table 3.7(a)] then again 
increase In the value of entropy observed as further increase in 
concentration of proline [table 3.7(b)]. 
A satisfactory elucidation of these facts probably arises from the more realistic 
hypothesis of the flow mechanism by Eyring [134], which explains the flow by 
movement of dislocations or discontinuities in the fluid layer. In a dynamic steady 
state, and In an oversimplified picture, the movement of a dislocation by one layer 
position requires the cooperation of atleast two moving elementary units: 
One is moving out of the normal position and requires energy, and the other is 
moving into this cavity and gives up energy. Therefore, the enthalpy of activation of 
viscous flow could be taken as a measure of the cooperation degree between the 
species taking part in the flow process. In the liquid state the opportunity of the 
formation of many discontinuities is warranted by statistical fluctuations of local 
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TABLE 3.6 (a) R In (n V^ / hN) (J mol'^ ) vs 1 / T for the alpha-lactalbumin -buffer 
system at pH 7.0. 
1 /1x10^ y ^ 
(K'') / C o n e . 
y^ protein 
X 1 X 10^ 
X gm /ml 
0.000 0. 100 
3. 2987 30. 2345 31.0196 
3. 2452 29. 6877 30. 1159 
3. 1933 28. 5143 28.8518 
3. 1432 27. 6427 28. 4728 
3. 0945 27. 1062 27. 7857 
3. 0474 26.2668 27. 0353 
3. 0016 25.9585 26. 6037 
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TABLE 3.6 (b) R In (nVm / hN) (J mol"^) vs 1 / T for the L -proline-alpha-lactalbumin 
buffer system at pH 7.0. 
1/Tx 
(K-M 
10^  ^ - ^ 
/^onc. of 
/ ^ proline 
^ 1 x 1 0 ^ 
gm/ml 
7.2 14.4 28.8 43.2 57.6 86.4 
3. 2987 30. 5709 31. 1508 31.3208 31.3864 31. 8530 32. 8203 
3. 2452 30. 2961 30. 6027 30. 5284 30. 3720 30. 9974 31.7210 
3. 1933 28. 8555 29. 7560 29. 8453 29. 5480 30.0607 30. 8899 
3. 1432 28. 1757 28. 5779 28. 9646 28. 8742 29. 4261 29. 6513 
3. 0945 27. 7390 28. 2786 28.2768 28.3317 28. 8332 29.2182 
3.0474 26. 9811 27. 3909 27. 7846 27. 8960 27. 7371 28.6745 
3. 0016 26. 6786 27. 1055 27. 2856 27. 4048 26. 9868 28. 3283 
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TABLE 3.7(a) Entropy (AS, J mol "^  K "^ ) as functions of concentration for the alpha-
lactalbumin - buffer system at pH 7.0. 
Cone, of 
Protein 1x 10^ 
gm ml "^  -AS(Jmor^K"^ ) 
0.000 
0. 100 
20. 0306 
18. 0551 
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TABLE 3.7 (b) Entropy (AS, J mol '^  K '^) as functions of concentration for the L-
proline - alpha-lactalbumin buffer system at pH 7.0. 
Cone, of 
Proline 1x 10^ 
gm ml "^  -AS ( J molV"^ ) 
7.2 15.7304 
14.4 16. 5792 
28.8 14. 4301 
43.2 12. 1526 
57.6 21.2824 
86.4 18.2469 
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TABLE 3.8 (a) Enthalpy (AH, KJ mol '^), as functions of concentration for the alpha 
lactalbumin - buffer system at pH 7.0. 
Cone, of 
Protein 1x 10^ 
gm ml '^  AH ( KJ mol"^ ) 
0.000 
0. 100 
15.2391 
14. 8144 
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TABLE 3.8 (b) Enthalpy (AH, KJ mol "^ ) as functions of concentration for the L -
proline - alpha-lactalbumin buffer system at pH 7.0. 
Cone, of 
Proline 1x 10^ 
gm ml '^  AH ( KJ mol'^ ) 
7.2 14.0488 
14.4 14.4805 
28.8 13. 8493 
43.2 13. 1167 
57.6 16.1130 
86.4 15. 3938 
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densities. In tlie low temperature range, as well as for highly structured components 
one may expect a considerable degree of order, so that transport phenomenon 
takes place cooperatively, as a consequence a great heat of activation associated 
to a relatively high value of flow entropy is observed. Therefore, in the presence of 
proline [a - Lactalbumin - proline - buffer system, table 3.7(b)], compared to only 
protein [a - Lactalbumin - buffer system, table (3.7a)], the AS value decreases (up 
to 43.2x10"^ gm/ml of proline) showing a considerable degree of order and the most 
stabilized state of protein in the presence of proline. 
The values of AG increases monotonically with temperature as 
listed in Table [3.9(a) and (b)] and plotted in Figure [3.7(a) and (b)].The value of AG 
in the presence of proline was found to be less [Table 3.9(b)] as compared to only 
protein in buffer [Table 3.9(a)] and as the concentration of proline increases [Table 
3.9(b)] the AG value also decreases and again increase takes place beyond the 
concentration of 43.2x10'^ gm/ml of proline. The plots [Figure 3.7(a) & (b)] indicate 
the partial folding at low temperatures, the nature of the curves suggests the 
possibility of partial structural stability and flexibility of the protein in the given stage 
of temperature. 
The stabilization of protein through osmolytes or cosolvent is a 
concentration dependent phenomenon. By examining Table 3.7(a) and (b) it can be 
reported that the value of entropy decreases from the system in which proline is 
absent [a - Lactalbumin - buffer system. Table 3.7(a)] to the system in which 
proline is present [a - Lactalbumin - proline buffer system, Table 3.7(b)] indicating 
the stabilization effect of proline (more ordered structure of protein) and if we alone 
examine the a - Lactalbumin - proline buffer system [Table 3.7(b)] then we can 
observe that with the increase in the concentration of proline the value of entropy 
goes on decreasing up to the concentration of 43.2x10'^ gm/ml of proline but after 
that with the further increase in concentration of proline there is an increase in the 
value of entropy observed. This may be due to the concentration effect of osmolyte 
or cosolvent which shows that at higher concentration of osmolyte with respect to 
protein the phenomenon of stabilization may get reversed as it was reported by 
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TABLE 3.9(a) The free energy of denaturation AGunf KJ mol '^  as functions of 
temperature and concentration for alpha-lactalbumin - buffer system at pH 7.0. 
Temp. (K) y ^ 
/Xonc. 
X °^  0.000 0.100 y^ Protein 
X 1x10^ 
y^ gm /ml 
303. 15 21.3115 20. 2862 
308. 15 21.4116 20. 3765 
313. 15 21.5118 20. 4667 
318. 15 21.6120 20. 5570 
323. 15 21.7121 20. 6472 
328. 15 21.8123 20. 7375 
333. 15 21.9124 20. 8277 
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TABLE 3.9 (b) The free energy of denaturation AGunf KJ mol '^  as functions of 
temperature and concentration for L - proline - alpha-lactalbumin4Duffer. system at 
pH 7.0. 
T(K) y ^ 
yX,ox\z. of 
^ ^ Proline 
y^ gm mr^  
7.2 14.4 28.8 43.2 57.6 86.4 
303. 15 18. 8082 19. 5128 18.2147 16. 7848 22. 5700 20.9111 
308.15 18. 8867 19. 5958 18.2867 16. 8453 22. 6765 21.0021 
313.15 18.9652 19. 6788 18.3587 16. 9058 22. 7831 21.0931 
318.15 19.0437 19.7618 18.4307 16.9663 22.8896 21.1841 
323. 15 19. 1222 19. 8448 18.5027 17.0268 22. 9961 21.2751 
328.15 19.2007 19. 9278 18.5747 17.0873 23. 1026 21.3661 
333.15 19.2792 20. 0108 18.6467 17. 1478 23. 2091 21.4571 
I 
8 
o 
o o 1 + 
«o 
CO 
CO 
0) 
•*•• 
o « CO f CO a. (0 
o 
CM 
CO 
o 
o I — [ I 
r 
CM 
CM 
GO CD 
CM CM 
a> 
« S 
o 
CM 
CO ^^ 
I 
E 
3 
U 
(0 
o 
•_ 3 4>i 
2 O 
a> t^ Q. 
E 
X 
a. 4 ^ 
*' (0 re 
3 (0 £ 
» 3 
> A 
CD 
o 
m 
o 
CO 
O 
•>> 
c 
! 
• 
CO 
3 
u. 
CM ^ 
-^ CM O 
CM 
CD 
d 
CM 
8 
CO 
o 
CM 
O 
CM 
E E E E E E 
E E E E E E 
O) O O O) 0> 0> 
CN -^ 00 CNJ CD •* 
h- •^ 00 00 N- ^ 
O 1- CN -^ in 00 o o o o o o 
o o o o o o 
o . | 
<> -I 
. . . I 
o 
E 
c 
o 
c 1 
<> . l 
«> •! ;: 
• M 
U5 
CO 
CO 
O 
CO 
CO 
00 
c 1 
3 
n 
B 
o 
«s 
-r 
re 
a. 
re 
I 
0) 
_c 
•5 
Q. 
£ 0 
5 X 
» Q-
rg Q-t; CO 
« 0) ^ 
3 « 3 
- • - ' 
CD 5-° <D ! r <i> Q. 0) jS 
F > re (D 
1 - ? n in .E w 
•a 0 CO 
c 
3 
0 
>« 
o> 
0 0) 
c co 
lO o 
CO 
4) 
CO 
0) 
3 
(0 
(1) 
in 
CN CN 
CO 
CM 
CM 
CN 
T— 
CM 
0 
rv4 
0) 
o o 
CO 
205 
Ravindra and Winter [135, 136], that only at very high osmolyte concentration 
(above about 1M), sufficient hydration of the protein molecules is no longer possible 
(in accordance with calorimetric data) and the effect may be reversed. Studies also 
show that low concentration of Trifluroethanol (TFE) behaves like osmolytes but at 
higher TFE concentration, scenario changes. Due to the drastic decrease in 
dielectric permittivity of the medium, the attractive as well as the repulsive part of 
interaction potential are enhanced and as a consequence of it, decrease in the 
exposure of hydrophobic residue increasingly favoured, leading to partial unfolding 
and increased intermolecular interactions of the protein molecule[137]. 
Similar is the case with the value of Gibbs free energy. The value of Gibbs 
free energy also shows a similar pattern as that of entropy. Its value also decreases 
with respect to the system in which proline is absent [Table 3.9(a)] to the system in 
which proline is present [Table 3.9 (b)] indicating stabilization effect of proline 
(decrease in Gibbs free energy). By examining the table [3.9 (b)] alone it was 
reported that Gibbs free energy decreases with the increase in concentration of 
proline up to 43.2x10"^ gm/ml of protein, after then increase in Gibbs free energy 
was observed with the further increase in the concentration of proline [Table 3.9(b)] 
(destabilization). This may be due to the same reason that sufficient hydration of the 
protein molecules is no longer possible at very high osmolyte concentration [136]. 
An examination of Table 3.4 shows that alpha lactalbumin undergoes 
denaturation at 313.15K (where value of intrinsic viscosity is 6.0876ml/g) and after 
that at higher temperature (above 313.15K) decrease in value of intrinsic viscosity 
was observed (which is opposite to the expected one). This may be due to the fact 
that at temperature of 313.15K some of the proline binds to the protein and the 
amount of proline in excess of bulk solvent composition may increase in the 
solvation layer of the native protein. Thus, because of this the value of intrinsic 
viscosity was observed to be 6.0876 ml/g, but beyond the temperature of 313.15K, 
when complete denaturation of protein takes place, an increase in proline binding 
get approximately half that for the native protein, thus showing the lower value of 
intrinsic viscosity at higher temperature. This is taken from the fact that preferential 
hydration is greater for the denatured than for the native protein [138] and an 
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examination of table 3.4 also reflects that decrease in value of Intrinsic viscosity 
may also be due to proline which stabilizes the protein structure against thermal 
denaturation and are strongly excluded from the protein domain, rendering unlikely 
their direct binding to protein [139]. Due to this tendency this substance (proline) is 
acting as stabilizer in protein solution and can be used as the osmotic pressure -
pressure regulating agents in micro organisms living under high pressure. 
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CONCLUSION: 
It is observed from Fig. 3.3(b) that tlie solute and solvent interactions are maximum 
at 14.4 X 10"^  gm/ml of proline for all temperature ranges but highest_value was 
observed at 313.15K. Thus figure [3.3(b)] also indicate that there is some speciality 
on addition of 14.4 x 10'^ gm/ml of proline in protein - buffer solution, which is 
confirmed by the table [3.4] showing highest value ( 6.0876 ml/gm at 313.15K ) for 
intrinsic viscosity.reflecting high denaturation of protein molecule in buffer and 
proline.. Reduced viscosity increases initially with increase of solute concentration 
[at 14.4 X 10"^  gm/ml] at all temperatures, expect the two [303.15K and 313.15K], 
then decrease takes place generally up to 43.2 x 10"^  gm/ml of proline, then again 
slight increase in values of reduced viscosity were observed, again it decreases at 
final concentration (86.4 x 10 '^ gnri/ml) of proline. While the curve at 303.15K 
indicates its native state and at 333.15K indicates its complete denatured state , 
shows opposite pattern to each other. Thus three stages were observed showing 
M.G.(molten globule) state also,[ Fig 3.3( b)]. The decrease in the value of intrinsic 
viscosity were observed with the increase in temperature, may be due to proline 
which stabilizes protein against thermal denaturation and also the possibility that 
preferential hydration is greater for the denatured than for the native protein. 
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CONCLUSION: 
Results obtained from fluorescence measurements led to the 
conclusion that strongest stabilization of protein (alpha lactalbumin) occurs in the 
presence of proline as compared to other known stabilizers such as fructose, 
maltose, and sucrose. A greater degree of blue shift was observed in the case of 
protein solution containing L-proline, in comparison to red shift for the sample in 
vyhich proline was absent. 
The lambda max (Amax) was shifted to lower wave length indicating 
a blue shift in all three system types studies (alpha-lactalbumin - fructose - proline -
buffer, alpha-lactalbumin - sucrose - proline - buffer, & alpha lactalbumin - maltose 
- proline - buffer systems at pH (7.0l Secondly, ultrasonic studies on similar 
systems further confirmed that proline act as a stabilizer as indicated by 
compressibility values. However, extent of lowering of compressibility was greatest 
for maltose, followed by fructose and proline. 
Since much been known about the stabilizing behaviour of maltose, we put 
greater emphasis on studying the nature of proline, using three different techniques. 
Viscosity measurements were carried out on alpha-lactalbumin - proline - buffer 
system. Native conformation of protein yields an intrinsic viscosity value between 
3 - 4 ml/g. Our viscosity results obtained shows a value of 3.7994 ml/g at 308.15K 
for the protein - proline - buffer system confirming the stabilizing character of 
proline under the experimental conditions. 
